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The future of energy

A fundamental change is coming sooner than you might think

INCE the industrial revolu-

tion 200 years ago, mankind
has depended on fossil fuel. The
notion that this might change is
hard in contemplate. Greens
muy hector. Consciences my
nig. The centrnl heating’s ther
miostat may furn down a noich
or two, A less thirsty car may sit in the drive. But sctually stop
using the stuff? Impodsible to imagine: surely there isn't a seri:
os alternative?

Such a fallure of imagination has been at the hear of the
debate abowt climate change. The green message—se less en-
erpy—is not going to solve the problem unless econamic
prowth stops at the same time. If it does not fand it won't), any
efficiency saving will soon be caten up by higher consump-
tion per head. Even the hair-shirt option, then, will bring only
short-term relief. And when o dire prophecy from environ:
mentalism's j o [ooks as if it is cominj true, a8 the price
of petroleum rises through the roof and the idea that oil might
run out is no longer whispered In corners but openly dis-
cussed, thiere is 0 femptation 1o believe that the end of the
world Is, indeed, nigh.

Not everyone, however, |5 5o pessimmistic. For, in the imagi-
nations of a coferie of physicisis, biologists and engineers, an
alternative world is taking shape. As the special report in this
issue describes, plans for the end of the fossil-fuel economy
are now being laid and they do notinvolve much self-flageila-
tion, Instead of bullying and scaring people, the prophets of
energy technology are attempting to e them. They pro-
mise & world where, at one level, things will have changed be-
yond recognition, but at another will have stayed comfortably
the same, and may even have got better.

This time it's serious

Alternative energy sounds like a cop-put. Windmills and solatr
cells hardly seem like ways of producing enough electricity to
power a busy, self-interested world, as furnaces and steam:
turbines now do. Battery-powered cars, meanwhile, are
stightly comic: more Jike milk-floats than Maseratis. But the
preponents of the new alternatives are serious. Though many
are interested in environmental benefits, their main motive is
money, They are investing their cash in ideas that they think
will make them large amounts more. And for the alternatives
to do that, they need to be both as cheap as (or cheaper than)
and as easy to use as (or easier than) what they are replacing.

For ofl replacements, cheap suddenly looks less of & pro-
blem. The biofuels or batteries that will power cars in the alter-
native future should beat petrol at today's prices, Of course, to-
day's prices are not tomorrow’s. The price of ol may fall; but
5o will the price of biofuels, as innovition improves crops,
manufacturing processes and Mels.

Electrical energy, mearwhile, will mmain cheaper than
petrol energy in almost any foreseeable future, and tomar-
row's electric cars will be as easy to Gll with juice from a socket
as today’s are with petrol from a pump. Unlike cars powered

by hydmogen fuel cells, of the sort lsunched by Honda this
week, battery cars do not need new pipes todeliver their en-
ergy. The existing grid, and smartened 1o make bener
use of s power siations, should be infrastructure enough,
Whial matters is the nature of those power siations.

The price is right

They, too, are more-and more likely 1o be alternative. Wind
power is taking on natural gas, which hasrisen in price insym-
pathy with oil. Wind is closing in on the price of coal, as well
Solar energy is a few years behind, but the most modern sys-
tems already promise wind-like prices. Indeed, both indus-
tries are so successful that manufaciurers cannot keep up, and
supply bottlenecks are forcing prices higher than they ather-
wise would be. 1t would help If conl-the cheapest fuel for
making electricity—were tuxed to pay for :
effects of the carbon dicxide produced wiven It burns, bui
even without such atax, some ambitious entrepramesrs are al
ready mlking of alternatives that are cheaper th

Older, more cynical hands may find this distuthingly famil-
{ar, The last time such alternatives were widely discussed was
during the early 1970s Then, 100, a spikein the prige of ofl co-
incided with a fear that natural limits to supply wes elose. The
newspapers were full of articles on solar power, fusion and
converting the economy to run on fuel cells and hydmgen.

Of course, there was no geological shortage of oil just a po-
litically manipulated one. Nor is there a geological shortage
this time round. But that does not matter, for there are two dif-
ferences between then and now. The first is that this price rise
Is driven by demand. More energy is needed all round. That
gives alternatives a real opening, The second is that 35 years
have winnowed the technological wheat from the chaff. Few
believe in fusion now, though wranium-powered fission reac-
tors may be coming back into fashion. And, despite Honda's
launch, the idea of a hydrogen is also fa
Thirty-five_years_of improvements huve, however, made,
wind, solar power and high-tech batteries attractive.

As these aliernatives start to roll out in earmest, their nse,
optimists hope, will become inexorable. Economies of scale
will develop and armies of engineers will tweak them to
rake them better and cheaper still. Some, indeed, think alter-
native energy will be the basis of a boom bigger than informa-
tion technology.

Whether that boom will happen quickly enough to step
the concentration of carbon dioxide in the atmosphere reach-
ing dangerous levels is moot. But without alternative enegy
sources such a rise is certain. The best thing that rich-world
governments can do is to encourage the alternatives by taxing
carbon {even knowing that places like China and India will

not) an oving subsidies that favour fossil fuels. Compe-
tition should do the resi—for the fledgling firms of the alterna-

tive-energy Industry are in competition with each other as
much as they are with the incumbent fossil-fusl companies.
Let 3 hundred fowers bloom. When they have, China, too,
may find some it likes the look of, Therein lies the besthope for
the energy business, and the planet. =
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The next technology boom may well be based on alternative eneray.
says Geoffrey Carr. But which sort to back?

Amenea's Cenimal Intellipence Agency al-
lies imeself with tree-hugging greens tat
his outfit would onde have sispecied of
subversion, you know something s up. Yet
that sone wck fumes Woolsay ks irying in

ERYONE loves @ booming market, and
most booms happen on the back of
technological change. The world's venture
capitalists, having fed on the compiting
boom of the mécs, the intemet boom of
tho w9ds and the biotech and nanotéch
boomlets of the early 30005, are now look:
ing around for the next one, They think
iy have found it: enengii:

Many past booms have been energy-
fed: coal fired steam power, oil-fired inter-
nal-combustion engines, the tse of elec-
tngity, even the mass tourisi of the et e
Hut the past few decades have been guist
o thit front, Coal has been cheap. Namral

hias been I:h!lp\. Themros aside, oil has
E-! cheap, The one real novelry nidear
porrer, went spectcalary off the mils, The
pressure toinnovete hies been minimal,

Inthe space of a couple of yvears, all that
has changed. ©il Is no longer cheap: in-
deed, i has never been more expensive.
Maoreover, there is growing concern that
the supply of ofl may soon peak as con-
sumpilon confinues o grow;: known sup-
plies run out and new reserves become
harder fo find.

The idea of growing whan you put in
the tunk of vour cas, rther than sucking it
out of a helein the ground, no longer looks
like economic madness Nor does the ides
of throwing awary the mnk and plugging
your car into an sleciric socket instead,
Much of the world's oil is in the hunds of
governmanty who have little sympathy
withthe rich West, When i former haad of

orider 16 reduge bis eopniry's dependence
onimpormedoil

L ceof Tumiugal gas, too, hos risenin
Wy wiith ol Thar is pﬂﬂnl upp e
cost of electriciig Wind- oW
ed aliermatives oo imguln:ﬂl s costly by
compnrsoie | s true that coal remains
cheap, and k& the fivoared fusl for power
statioms in incdwitrislising Axia. But the nch
world sees things differenily,

n theory, there 15 & Jong quepe of coal-
fired power statinny waiting to be bult in
Americi But frw have been completed in
the past 15 years and many in that queue
have been puton hold or withdrereen, for
two reastns. First, Americans have be
vome igfglemnt of lange, polhfing indus-
frial plants on ihilr doorsteps. Second,
American powed companies we fearful
thit they will sodm have to pay for one pas-
ticukis pollutant, carbon diokide, as s stars-
Ing 1o happen in other parts of the rch
world. Having invested heavily in gas fired
stations, only o fnd themselves locked
into an Increisingly expensive fael, they
i eyt want oo make another mismke.

That has opened up a capacity gipand
in opportunity for wind and sunlight The
furire price ol ihess resources—gero—i
kerorwn. That certainty has economic valueg
iz ahedge, evenif the capital costof wind w



» and solar power stations is, at the moment,
higher than that of coal-fired ones.
The reasons for the boom, then, are tan-
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That translites info a busines wth

trillian & year—nbout a tenth of the
economic  output—according to John
Dioerr, a venturs capitalist who is heavily
invalved in the industre And by 2050,
power consumption is likely to have risen
to 30 terawails.
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pier. (A terawant is Looo I

Scale Is one of the important differ-
ences berween the coming energy boom,
if It materialises, and its recent predeces:
sors—particularly those that relied on in-
formation technology, a market meéasured
in mere hundreds of billions, Another dif-
ference is that new (nformation technol-
uﬂz tend to he disruptive, forcing the re-
placement of existing equipment, where-
85, say, building wind farms does not force
the closure of coal-fired power stations.

For both of these reasons, any trans-
tion from an econory based on fossil fuels
to one based un renewable, alternative,

it what you will-is
E;w hl":lllﬂ as similar changes have
been in the past (see chart 1, On the other
hand, the scale of the market provides
opporunities for alternatives to prove
ﬂ'tﬂl:l'lﬂ!hﬂ at the margin and then move
inio the mainstream, as is happening with
wind power at the moment. And some
energy technologies do have the potential
to be disruptive. Plug-in cars, for example,
corald be fuelled with -Eletmi:rtj'il T:lm:e
equivalent to 25 ce
could shake up ml. !'%Etle:-
tricity industries tllinauep

The inpovation lull of the past few de-
cades also pmw:lls opportunities for tech-

Indeed, it may be
thiat the field of energy gives the not-guite-
booms in biotechnology and nanotech-

the industrial applications they
to grow really big, and that the three
updringboum will thus menge into one.

The possibility of thus recapturing the
good times of their youth has brought
many ‘well-known members of the “tech-
norati” out of their homes in places like
Woodside, California. Energy has become
superceol. Elon Musk, who cofounded
PayPal, has developed & bettery-powered
sports car. Larry Page and Sergey Brin, the
founders of Google, have started an outfit
called Goo that is searching for a
way to renewable enengy truly
cheaper than coal {or e, as they de
seribedt to their fellow peeks),

Vinod Khosla, ene of the founders of
Sun Mictosysiems, is turning his consider-
ahle skills as & venture capitalist towards
renewable energy, as are Robert Mercalfe,
wha invented the ethemet system used to
comnect computers together n local met
works, and Mr Doerr, who works al
Kleiner Perking Caufield & Byers, one of Sil-
icon Valley's bestknown venture-capital
firms. Sir Richard Branson, too, is getting n
on the act with his Virgin Gresn Fund.

This renéwed inerest in: energy is
beinging forth a raft of ideas, some bright,

IPRIPLERs Sl

some batty, that ls indeed reminiscent of
the doteom boom. As happened in that
boom, most of these ideas will come to
mught.hnﬂummuld};ﬂbea PayPalora
G o1 4 Sun among them.

n:.-‘;:rc traditional companies are also
taking an interest. General Electric (Gel, a
large American ¢ ng firm, "

i a

“Is gearing up its solar-energy business. The
energy researchers at its laboratories in
Schen Mew York, enjoy much of the
intellectual  freedom  associated  with
start-up firms, ¢combined with & secure
Iy of mo
mﬁmwﬁr and Shell, two of the
warld's biggest oil companies, are spon-
soring both academic researchers and
new, srrall firrns with bright ideas, asis Du-
Pont, one of the biggest chemical compa-
nies. Mot everyone has joined ln. Bxxon
Mohbil, the wiorld's largest oil company niot
in government hands, is conspicuously ab-
sent. But in many boardrooms renewables
areno longer seen s just a way of keeping
environmentalists off companies’ backs,
Sﬂmepeuplemmplutuﬂmmmwﬂdﬂ
hmsnfrmmﬂttnﬂﬂrﬂ].runmh
sidies or ollér forms of special treatment
for their viahility. On dm surface, that &
true. Look beneath, though, and the whole
energy sector is riddled with subsidies,
both explicit and hidden, and costs that are
not properly accounted for. Drawing on
the work of people like Boyden Gray, aw



k former White House counsel, Mr Woolsey
estienates that American oil companies re-
ceive preferential treatment from their go-
mnmmtwmﬁnmuduniﬂu;;]nﬁjm

And the Intergovernmental o
%ﬂiﬂm{unmnwﬁnﬂm
appoinied ;mngluf scientific experis, reck-
ons that fossil fuels should carry a tax of
$20-50 for every tonne of carbon dicxide
they generate in order 1o pay for the envi-
ronmental effects of burning them (hence
the fears of the power-generators),

&0 the subsidies and mandates offered
to renewable sources of power such as
wind turhines often just level the playing
muumﬂmmmm

to unwarranted

Iﬂﬂlﬂﬂmhﬂm Amer-
ica to its madze-based ﬂhmul farmers
whes Briesilian sugar-based ethanol is far
cheaper, Dihers, though, such asa requine-
ment that a certain propartion of electric-
Hrbamdﬁmnmn-huﬂ-ﬁulm
make no attempt to pick particular techno-
wininers, They merely act bo stimu-
teeing a market
by work, w
world were rational, all of these
‘would be swept away and re-

§ & proper tax on carbon-as is
ippen in Europe, where the

price arrved at by the cap-and-trade sys-
tem being introduced is close to the iroc’s
recommendation. If that occurred, wind-
based electricity would already be com-
petitive with fossil fuels and others would
bie coming close, Failing that, special reat-
ment for alternatives is p by the least
bhad option—though such measures need
to be crafted in ways that favour neither in-
cumbents nor particular ways of doing
things, and need to be wi when
they are no longer necessary,

The poor world turns greener too
T'I‘l.ﬂt.p:rlem is the view from the rich
world. But poorer, mpidly developing
countries are also taking more of an inter-
st in renewable energy sources, despite
assertions to the contrary by some West-
mpdﬂﬁmudhﬂnm It is true
China is building coal-fired power sta-
nnmulbhnngmnmhnhnhmuhmz
eration capacity, which is ex-
p to by two-thirds this year, and
s the warld's second-largest manufactuzer
of solar panels=not io mention having the
largest number of solar-heated rooftop
hot-water systems in its buildings.

Brazil, meanwhile, has the world's sec-
ond-largest (just behind Americal and
most economically honest biofuel indus-
try, which already provides 40% of the fuel

consumed by its cars and should soon sup-

15% of its eleciricity, too {through the

ing of sugarcane waste). South Africa

is leading the effort to develop a new class

of safe and simple nuclear reactor—nof re-

newihle energy in the strict sense, but car-

bon-free and thus increasingly welcome,

These countries, and others like themn, are

Wmlmmmmmu

their energy where they can. So if

r:numhbel and other alternatives can

compete on cost, the poor and the rich
world alike will adopt them.

That, however, requires innovation,
Such innovation {5 most ikely to come out
of the laboratories of dich countries, A a re-
cent debate at Columbia which
The Econoimist helped to organise, Mr
Khaosla defended the proposition, *The Un-
ited States will solve the climate-change
problem®, The Californian venture capital-
ist argued that if cheaper alternatives-to
fossil fuels are simple econom-
ics will ensure their adoption throughout
the world. He also insisted that the innova-
tion which will create those alternatives
will come almost entirely out of America.

Asit happens, he lost, But that does not
mean he is wrong. There are ot of tera-
watts to play for and lots of money to be
made. And if the planet te be
saved on the way, thatisallto the good. ®

N A ridge near Toledo in Castile-La

Mancha stands a row of white wind-
mills. Literary buffs, even if they have
never been 1o Spain, will recognise them
s the ferocious glants attacked by Don
Quixote, Miguel de Cervantes's fictional
wrth-century hero, These days, however,
they are dwarfed by leglons of modem
wind turbines that grind out not flour but
power, helping fo make 5 ang of the
Iuﬂi:qpnﬂﬁm:iwh' d electric-
iry in Europe,

Does this amount to tilting at wind-
mills? There ks no doubs tat Spain's wind
turbines would not have been built with-
oul assistance from the highly visible hand
of & government that wanted to prove its
green credentials, But wind power isno il-
lusion. World capacity is ywh:at}uﬁa
vear and will exceed 100 gigawatts this
vear. Victor Abate, General Electric's vice-

president of renewables, is o convinced
that by 203 half of the new generating ca-
pacity built in America will be wind-

powered that he i5 basing his business

plan on that gssumption.

Wind currently provides anly about 1%
of America’s elecericity, but by 2020 thatfi-
gure may have risen toa5% The one part of
the United States thai has something ap-
provcimating & proper free market in elec-
tricity, Texas, is also keener than any other
state on deploying the wrbines. In Mag T.
Boone Pickens, one of the state's most fam-
oz oil tyooons, snnounced a deal with GE
to build a coe-gigiwatt wind farm-the
world's Largest—at a oost of §2 billion.

Whatwas once a greener-than-thoutoy
has thus become a real business (oE alone
expects o sell $6 billion-weorth of turbines
this yeari—and one with many advantages.
For example, as Lester Brown, the presi-

dent of the Earth Policy Tnstitute, & think-
tank in Washington, D, poinis out a
farmer in Iowa who gives up a tenth of a
hectare (a quarter of an acre) of land to a
turhine earn $10,000 & year from it
{ahout 1% of the ﬂlueafmtl-e;:n:tryir
produces). Flanted with maize, the same
land would vield a mere $300-worth of
bicethanal,

Moreover, wind farms can be built
plecemeal, unlike most powers stations. A
half-fnished coal-fired or nuglear power
plant is & useless waste of money, but a
half-finished wind farm is simply 2 wind
farm half the sze originally intended-and
one that has been providing revenue since
the first turbhine was completed,

One consequence of this rapidly grow-
ing marker ks a virtuous circle of techno-

logical improvement that is pushing wind-
generated eleciricity closer and closer to #



¥ 0 Goagle's cheaper-than-coal equa-
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L. As & tesult, the com of the
‘doieh to about & cents & ldiowat-

unl o Coal powr
m-:; Efmmm But according m:;‘
Techniology it that would rise 10 8
cents if the CO, from coalfired power sta:
tions had 1 be captured and stored under-
ground (see box on the next pagel—o, for
that matter. if & carbon tax of §10 & fonne
wiere Imposed.

The power companies that buy the fur-
bines are plso getting smarter, They em-
ploy teams of metesrmlogiens to scour the
word for the best plices to put furhines, 1
{5 not just i question of when the wind
blows, but also of how powerfully. A dif-
ference of as little as one or two kilometres
lrne milel an hour in averajge wind
can have & l!fr::tpnn a!n::ia::
output. And another lof of meteoralogiss
it In the control cenives, making detailed
forecasts 8 day or two ahead to help a com-
mmﬂu power ioad. For one pror

with wrind is that if it H‘I:Ehkrwinl.
the turbines stop tuming. After cuft
costs, that |5 the second gmat challenge of
the spreud of wind power.

The third is that people do not necessa-
rily live where the wind bows. indeed,
thiey ofien avoid living insuch places. Sal-
wing these problems, though, i & task not
for the mechanical enginesrs wha build
the turbibnes butfor the electrical enginesmns

who Hnk them to places where powser is

wanted. That means electricity grids are

about to become higger and sminnzr
Rigger menns trnscontinental, at least

for people like Vinod Khosla. His analogy:

s America's interstate highway system,
built after the second world war, The new
grids would use direct, mther than akber-
nutiny. corrent. Ac was adopled 2 Stan-
dard over a century ago, when the electri-
cal world was rather different. But D i5
betier suired 10 {Tansporting power over
Jon distances. Less power i lost, even on
Andne cables can aleo be lnid on the
agabed (the presence of all that water
AN AL CUITERt VETY

ity we
nes  quicky). In the right geographical clicam:-

stances that eliminaies both the difficulty
af ohtaining wayleaves to eross private
land and the notinmybackyard objec-
Hons that power bnes ane ugly Indeed,
there is alrendy a plan to use underwater

: cahles 16 ship windpower from Maine o

Beston im this wiy

Rewiring the planet

As It hinppens, Burope already has the em-
brvo of & oo grid, i links Scandinavia,
narihen Germany and the Nethedands,
gnd thiere |s tall of edending it scross the

Morth Sea to the British 1sles, another no-

toriously windy part of Europe, By con-
necting distant points, this grid nol onky
delivers powerio marke, it also aflows the
systeen some slack. It matters less that the
wind does not blow all the time hécause i
hiows at different times in different places,
The grid also permits susplus power 1o be
used 1o pump water uphill in Norwegian
hydroslectric plants (o system known as
pumped stomagel, ready for ase when de-
mand spilees.

Srirter grids, however, would help o
nmsath out such spikey i the first place,
The ahility i accommadite inherenthyin-
termitent sourges such s wind s anly
one of several reasons for wanting to do
this, bistit is an importint one.

A st prid will consmmtty monitor its
load and (this bs the smart bit) ke parficd-
lar consumers offfine, with their prior
agreement and in exchange for o lower
price, if that Joad surges beyonid a preset le
wel, For this purpose. 8 consamer may fiol
necpssarily be the sameis a cusiomer. The
grid's goftware would be able o identify
pmﬁmh:dmﬂthmmparﬁnﬂﬂﬁﬂ-
ances, in o home, office or fFtory, Their
owners would decide tn what chrexm-
stances they should shul down or boost
up, and the smart gnd's software would
then da the joh. Witer heaters and aic-con- 4




* ditioners might stock up on heat or cold in
antl on of such shutdowns. Fridges
would know how long they could manage
wilhﬂntpnmhuﬁmﬁﬁrhld ln.tmhh

i spikes in demand that way

will cut the need for what are knowninthe
industry as “peakers"—small power plants

such as pumped-storage systems that exise
solely to deal with such spikes. Parts of

America’s existing dumb and

gridare so vulnerable toload va-
riations that thelr owners think they may
be able to cope with no more than about
2% of intermittent wind power, Clearly
peaks will never be aliminated entirely
However, Mr Abate reckons that a combi-
nation of smart grids and gas-fired peakers
should push the potential for wind power
up along way.

T the point, G is collabarating
ﬂ]:mnmm of Hawaii, a state
which is served by a series of small, iso
lated grids highly vulnerable to distuption,
The rechkon that clever grid
management will allow up to 30% of local
mm from wind without any
If that improvernent can be
translated to the grids on the mainland,
wind's future looks assured. &



better in the future. But wind is only
an inferim stup on the way to a world
Jﬂﬂmfunll
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photovoltaic cell, is cur

. p type of alterna-
ciricity it produces s falling,

0 Energy Re-
(OERA), an American
““”*'mg;:"‘
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Photovohaic cells for solar cells, as they
are known colloquially) convert sunlight
directly into electricity, But that iz oot the
orily wiry 16 use the sun (o make electrical
power. It is also e to concentrate the
SUT'S [AYS, Use 1o boil water and em-
the etearm to drive a turhine.
%wmmumﬁmmmmu
trate an unresobved question about the fu-
ture: of energy: whether it will be gener-
ated centrally and transported over long
distanoes to the consumer, a5 it has been in
recent decades, or generated and con-
sumed in more or less the same place, 85 it
wriss & century ago.

A hot tin roof 1

The idea of solar celis s o keep things 1o
cal, They are like wind turhines, only more
so, in that even asingle solar panel can pro-
duce power immediately Put a few on
your roof and, if youlive in a reascnably
sunny place, you can cut electricity
bill. Indeed. you may be able to sell elec
tricity back to your own power company.

Sachs

The problem is that at the moment you
may need to take out an overdraft to pay
for the solar panels, and you will not get
your money back for a long time.
Many engineers, however, are wo

that One of them is
Hniﬂmmwwmhnl:fmhm,
technological im
hwm:ﬂhmmmmw
ers incremental As he sees it, it is
such change that drives Moore's lin; that
we||-established description of the rapid
improvement in the power of computer

Processurs.
Moreover, the analogy is appropriate.
mﬂmﬂm:ﬂimhmmﬂfdm
like computer chips, and for the same res-
son. They rely on that element's properties
as & semiconductor, in which negatively
charged electrons and positively charged
“holes" move around and carry a current
a5 they do so. In the case of a solar cell. the
current is created by sunlight knocking
alagtming out of place and rhus creating
h[ﬂn.DI‘ElﬂE‘E first contribution to the
wis a toch-
m;ﬂlﬁd the string ribban, which
the amount of silicon needed to
make 4 solar cell by drawing the element
{im Tiguid form) out of a wat between two
strings. That invention was marketed by a
firrmn called Solar.

His latest venture, a firm called 166
Technologies (after the number of wans of
snlar piwer that strike &n aveTage square
mietre of the Earth's surface), aims to fol-
lowe this wp with three new ideas that

should, in combination, bring aboul a 27%

in efficiency He and his col-

leagues have redesigned the surfaces of
the silicon crystals on a nanoscale in order
to keep reflected light bouncing around in-
side a cell until it i eventually absorbed.
They have also managed to do something
similar o the silver wires that collect the
current, And they have made the wires
themselves thinner as well so that they do
not block so much light in the first place.

Dr Sachs says that these

will bring the capital cost of solar calls be-
bovew $2 @ waitt, Thiat i3 closing in on the cost
of A coal-fired power station: a gigawatt
fone billion watth plant costs about $1 bil-
lion terbiaild. The price, of course, isa differ-
ent matter. As Paula Mints of Mavigant
Consulting, a firm based in Falo Alto, Caii-
fornia, points out, price is set by market
coniditions the gener-
ous subsidies given to solar power in some
European countries—have kepi prices well
above costs in recent vears, Nevertheless,
usnhmnhm:,m:pﬂmnisuhrcelkm
fallen

Oither mdim,bu]: & newer tech-
nology known as thin-film photovoltaics,
Thin-film cells can be made with slicon,
but most progress is bedng made with ones
that use mixiures of m sometimes dx-
atic ones, as the semiconductor. These
misxtures are not as efficient as raditional
bulk-silicon cells that they do
not convert as much 10 electricity
msmm&cﬂmﬂulmmﬁr

miterial, which makes them cheapes,
and they can be faid down on flexible sur
faces such as sheets of stéel the thickness
of 3 human hair, which gives them wider

At the moment, the commercial leader
in this ares is a firm called First Solar,
which uses cadmium telluride as the Alm.
thnmsnhriuhnmmhagim:mm

by compamies suchas Miasald, a
ﬂhmlmﬂrm.&ﬂhntmﬁua
mixttre of copper, indium, gallium and se-
leniurm, known ss cros. This mixture ks
reckonied to be more efficlent than cad-
mium telluride, though still not as good as
traditional silicon. And it has the public-re-
lations advantage of not containing cad-
mium, a noorious polson—though First =



»Solar's films carefully lock the cadmium

up in & way that renders it harmless.
At the moment thin-film solar cells are
btint and sold as standard solar
a5t could change. First
mimplhhﬁhi ; bt Mia-
out that his

Iluﬂi and
mﬂ:hh::dn . “ﬂ"-

than silicon, but glass and steel, on which
solar-thermal relies, are cheaper still, The
technology’s proponents  think  big:
50U big. They wanttofill the
deserts with steel and glass mirroes: and
use the reflected sunlight 1o boil water and
anm:hmiﬂgthm;ﬂummthelmu—
distance DG networks developed for wind
pawer {o carry the juice to the cities,

Desert song

Those wiho worry about the political side

of the worlds dgmdenne an ol will be
to find that one country

Mlgeria, ‘_Imth the power-hungry marlets
of Europe to s north; scross the Mediterea-
nean, and & lot of sunshine going to waste

in the Sahara desert to its south, Algeria’s

ﬂtmnmmlmkhumwmwmm
Itis now building an experimental

solar-thermal power station at Hass:
It'mnl. about mﬂh:n south of Algiers,
wmruwﬂwmupmnmzmm
started on & similarproject at
Amﬁnumhum Muorocen, and others
are in the pipeline elsewhers in nanh A
rica. Fortunately for people like Mr Wool-
sey the ex-Cia man, America has deserts
of it own which aré about to bloom with
mifrror-farms too.

There are four competing designs; par-
holic-trough mirrors, parabolic-dish mir-
O, “power iowers” which use an array of
mirrors to focus the sun's mys on to an ele-
vated platiorm, and Fresnel systems,

i parabolic trough wsing
(cheapes) flar mierors. All eithar hast up
water o make steam, which drives a gener-
ator, or heat and liquefy a salt with a low
melting point such as sodium nitrate that is
used o make steam.




» Al four of these designs are now either
operating commertially in the deserts of
south-west Amerlea or are undergoing
pre-commarcial irials. Although the total
capacity at the momeni, according o
CINRA, 15 8 mere 400 megawatts, this will
grow tenfold over the next four yeurs if all
ﬂcm now scheduled come to fruition,

probably & lot mere after that. More:
over, thase plants that melta silt are able to
divert part of the heat they callect into a
thermal reservoir that can keep the gener-
ators turming at night. The main objection
tos solar power—that it goes off after sun-
sei—is thus overcome,

From litile acorns

The engineers clearly think they can de-
liver the technolopy But can the technol-
ogy deliver the power? A back-of-the-en-
velope calculation suggests that it can. Two
years ago & task force put together by the
governors of America’s western stales
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identified 200 ggawats-worth of prime
sites for selar-thermal power within their
territory (meaning places that had enough
reliahie sunshine, were cloge (0 tnnasmis-
shon lings and were not envimnmentally
or politically sensitive), That is equivalent
i 20% of Americh's exclsting electricy-
generation capacity: not a bad start.
Robert Flshman, the boss of Ausm, an
Aystralian-American company based In
Faio Alto, Califormia. reckons that his firm’s
Fresnel arrays combined with its propri-
etary heatstorage sysiem can produce
electricity for § cents a kwh. That matches
@E's wind turbines, and mass production
should bring it down further. I is not
cheaper than “naked" coal {Ausra will be-
nefit froim various state governments’ e
guirements that their power ufilities buy
renewible power)—but if there were & car-
bon i of $30 8 tonne, of & fequirement 1o
=1 and bury CO: Austa would be
ableto match the coal-fired stathons’ prices,

‘The maost intriguing technology of all,
ihoogh, belongs o susNory, o firm based
in Loy Angeles, This uses mirmon to on-
centrate sunlight, bur forise it on & solar
cell ruther than a boiler. The sytem i said
b turm 37 of the light In
April the firm clutmed &t
produce elecrricity for the
ceritga lowh.

That claim has yet 1o be pul to the tel,
and should be viewed with #8ime scept:
cism until it has been, But |t I8 good indi-
cation of the way the field is gaing. Solar
power now seems to be roughly where
wind was a decade ago. At the moment it
contributes a mere oo to the world's

output of electricity, but just over & decade
of 50'% annual growth would bring that to
1%, which & whane wind is at the moment,
I sunGEis o be belteved, and the point
where #gisindeed o is close; the rise to 1%
might happen even faster. After thas, the
shy ia the limit. =

URIED in the news a few weeks ago

was an announcerment by a small Cali-
fornian firm called Amyris It was, per-
haps, a parable for the future of biotech-
nology. Amyris is famous in the world of
tropical medicine for applying the latest
biatechnological tools 1o the manufaciure
of artemisinin, an antimalarial drug that is
normally extracied from a Chinese vine
The vines cannot produce enough of the
stuff, thowph, so Amyris's researchers have
taken a few genes here and thers, tweaked
them and sticched them together into a

biochemical pathway enabling bacteria to
make a chemieal precursor that can easily
be converted into the dmg.

But that is not what the announcement
was about, Instead, it was that Amyris was
going lnto partnership with Crystalsev, a
Brazilian firm, to make car fuel out of cane
sugar. Mot ethanol ithough Brazil already
has a theiving market for ethanol-powered
cars), but a hydrocarbon. that has the
characteristics of diesel fuel, Technically, it
is not orcinary diesel, elther: in chemist
speak, it is an isoprenoid rather thin 8 mix-

tare of alfkanes-and aromatics. But the
driver willmotnotice the difference.

The point of the parable is this biotech-
nology may have cut its teeth on medi-
cines, but the big bucks are likely to be'in
bulk chemicate, And few chemicals are
bulkier than fuels Where Amyris is lead:
img, miny are following, Some small firms
with new and interesting technologies ars
trying to goltalone. Others are teaming up
with big energy firms, In much the same
way that biotech companies with & pro
mising drug are often taken under the w



itive with oil produces even at 2006 oil
prices (see table 5). The xbo effort will
wring more of them into line, as will any
“erm rise in the price of crude oil.

ar 82 the crops themselves are con-
nere are three runners at the start-

Benetic engineering,
The en grasses also thrive in a
range of climates. Switchgrass and miscan-

1 them to be grown
on land that cannot be used for food crops.

That wrill make them cheapes, as well a5 e
ducing the competition between foods
and hiafuels.

applying similar techniques to used
by Ceres to speed up the growth of these
trees and to !nuulfn their whmg
cold. Although creating raw materials
biofuels is not this company’s objec-
tive wmm.m.u
sEes &% a big marked,

Algae, too, are up for modification, One
problem with them is harvesting the oil
from their ponds, drying them sut and

breaking open their cells. This process is so
tedious that some companies are consider-
ing the idea of buming the dried algae in
power stations instead,

Omne firm that is not is Synthetic Ge-
nomics, the latest venture of Craig Venier
{the man who led the privately funded ver-
sion of the Human Genome Project), Dr
mGrhnpuht; overcome the oil-collec
thetic Genomics’s algae have been fitted
with genes that create new secretion path-
ways through their outer membranes,
These cause the algal cells 1o expel the il
almost as soon as they have
it. It then floats to the surface of the pond,
allowing it to be skimmed off like cream
and turned into biodiesel. The algae are
also engineered 1o make more oil than
theirwild counterpars.

Harvesting useful fuels from vascular

hnh.u.muﬁ,h'm.uhnidduﬂlﬂrtmdm
n collectively, is a trickier business,
These plants are composed mainly of
three types of large Besides cel:
lulesse, there are hemicellulose and
Each is made of chains of smaller mole
cules, and all three are often bound ro-
gether in a complex called Hgnocellulose,
particularly in wood. There are many ways
these in molecules might he
uunedlntuﬁ::l.hm:llgﬂ:m
ane more complex thin for algae.

As chart & shows, lurning sur into
bicfuel imvolves three steps, though differ-
ent methods may miss out some of these
steps, Algae can make the leap from start 1o
finish directly, whereas vascular plants
cannof. Ome way of dealing with them is
todry them and then heat with little
or ne axygen present. This is called pyroly-
sis and, if done results in a mix-
ture of carbon monoxide and i
called as™ (short for synthesis gas),
mm-mm-w can he
tarned into fiel,

This is the approach taken by Choren »
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¢ Industries in Germany, and
Rarge Puels in Treutlen County, Georgla. In
both cases the feedstock is chippings and
other leftovers from forestry and timber-
mills. Choren i¢ making hydrecarbon die
sel and Range ethanol. Both factories,
therefore, are steps on the road to making
fuel from trees. Syngas can also be wumed
to ethanol by bacteria of the genus Clos-
bem {a group better known for the
chemical used in botox treatrment), That is
being done by Coskata, & firm based in
Warrenville, llinods, General Motors (o a)
likes this Idea so much it has bought a
share of the company,
An altermative 10 the syngas method is
to break the cellulose and hemicellulose
up into their component “monomer” mol-
ecules. That is easier said than done, par-
ticulnrly if lignin Is Involved, since lignin is
Tesdstant ta such. The amount
of coal in the world &

{ of its resil-
lence, Coal ls com mainky of lignin

from that faited to decompose com-
dmmwmfnssi!md as aresult,
Many firms, however, have developed
ENTYIMes ﬂ-:} break down biomass in this
wray, logen, of Otewa, Canada, was one of
the first. s enzymes decompose cellulose
F[l;ld hemiceilulose into sugar monomers.

ﬁwdﬁ
Once you have your sugat. you can fer-
ment it. These days that need not mean us-

ing yeast to make ethanol A whole range
of bugs, some natural, some engineered,
can now be deployed to make a whale
range of products. Amyeiss souped-up mi-
ero-organisms (some are bacteria, some
¥eaizts! burmn sugar not into ethanol but int
isoprenoids, at a cost competitive with pe-
troleum-based diesel. L5, based near San
Francisen, uses a similar method but s
turning out alkarces dfor petrol) and fatty
acids for biodiesell. It, 1oo, is starting to
scale up production. Synthetic Genomics
is doing something similar, though the
fiern is cagey about which fuel is being pro-
duced. In each cage, however, what |5
made is & chemical precisely wilored to its
purpose, rather than the ad ko mixture
that comes out of & refinery. The rival com-
panies thug argue that their products are
actually better than oil-based ones.

At least ome firm, Mascoma, of Cam-
bridge, Massachusetts, employs a single
species of bug, Thermoanaerobacterium
sochamolyticiny both to break down the

biomass and to digest the resulting sugar.
Mascoma will use hoth grass and wood ps
feedstocks, In May it signed deals with Ga
and Marathon 04,

It is also possible to use purified en-
rymies to do the conversion from sugar 1o
fuel, as well a5 from biomass to sugar, and
at least two firms are working on applying
thern to the whole process. Codexis, based
in Redwood City, California, has created a
range of enzymies by a method akin (o sex-
ual reproduction and natural selection.
Last year it signed a deal with Shell o use
this technigue to produce hiofuels of wa-
rious types. And a Danish firm, Danisco,

his teamed up with DuPsant to do the same
thing with its own proprietany enzymes.

Shell is alsoinvolved in a project to fum
sugar into hydrocarbons, this time by
straight chemical processing. It is putting
up the money. The technology lthe most
important part of which is & set of propri-
etary non-biological catabysts) is provided
by Wiremt Energy systems, of Madison,
Wisconsin,

Which of these approaches will work
best is anybody's guess. But thair sheer
number is proof that the most radical
thinking in the field of renewable energy is
going on in hiofuels. It is in this area that
the most unexpected breakthroughs: are
Hl:e?l}' o come, says Steven Koonin, pe's
chief scientist. ne is backing one of the big-
gest academic projects intended to look
into hinfuels, the Energy Biosciences Inati-
fuie (EB1), to the mme of $500m, which sug:
gests that the company's board agrees with
him, The e85 a pannership of the Univer-
sity of California, Berkeley, the Lawrence
Berkeley National Laboratory and the Uni-
versity of Mlinods.

Ome of the people invohed, Steven
Chu, the head of the Lawrence Berkeley
laboratory, is a man with a grand vision.
This visian {4 of @ “glucose economy* thai
will replace the existing oil sconomy. Glu-
cose, the most common monomer sugar,
would be turned into fuels and maybe
even the bio-equivalents of petrochemi-
cals—bioplastics, for example—in local fac-
tories and then shipped around the world.
That would be a boon totropical countries,
where photosynthesis is at {ts most ram-
pant, though it might not play so well to
lames Woolsey's security fears, since it
risks replacing one set of unreliable suppli-
ers with another,

However, there is plenty of biomass to
go amund. A siudy by America's Depart-
ments of Energy and Agriculture suggests
that even with only small changes to exist-
ing practice, 1.3 billion tonnes of plant mat-
ter could be collected from American sofl
without affecting food production. If this
were converted into ethanol using the best
technology available today, it would add
up to the equivalent of 150 billion Lifres of
petrol, or 65% of the couniry’s current per
ol consumption. And that is before spe-
cially bred energy crops and other techno
logleal advances are taken into account, If
America wants it, biofuel autarky looks
mare achievable than the oil-based sort,
Andif it does nat, then the world's hitherio
Impoverished tropics may find themselves
in the middle of an unexpacted and wel-
come industrlal revolution. m



NOTHIHG ages fastes than the future, A
few years ago there was generil agree:
ment that il the internal-combuston en-
gine ever was replaced by something
clean, that something would be the fuel
cell. A fuel cell is a way of reacting hydro-
gen and oxygen together in a controlled
way and extracting electricity from the
process. It was to be the precursor of what
was known as the hydrogen economy, in
which that gas would replace fossil fuels
and power almost everything.

Leaving aside the problems of trans:
porting and storing a light and leaky gas,
what no one was very clear about was
where the hydrogen itself would come
from. You would have to make it from
something else. That something would ei-
ther be & mixture of fossil fuel and water
{fuals can be reacied with steam t6 make
hydrogen and carbon dioxide, but you still
hive to get rid of the carbon dioxide), of
juest wnter itself, via electrobysis,

But why bother? Why not cut oot the
middleman and plog your car directly into
the electricity muing instead? And that, it
seems, is what may bappen. You don't
hear much sbauot the hydrogen econommy
these days. Mot fuel cells. The buzz-phrase
pow {5 ~phug-in hybrid™,

Flug-ins should not be confused with
ecisting hybrid vehicles, such as Toyota's
Priug, which cortains an inteenal-combs-
Hon engine as well as two electric ones. B
ther sortmay drive the wheels The electric
miters ick in when they can do 3 more of-
ficient job than the petral engine, but even
then the electricity comes ultimately, viz
hatteries, from buming petrol,

In & plug-in, the electrieity eomes from
fhe muins, via an’ ordinacy - electrical
snchot, Soime Intermediate designs retain
the idea of twosorts of engine, butthe goal

ig that the car should be powered by elec-.

tric motwrs alone I the batteries run
down, a petrobpowered generator will
take over, (Existing batteries are tog expen-
sive to give such i car the mnge of & stan:
dard” petrol-drven machine) Bul most
cars, most of the time. are used for shornt
joutmeys. Gerbrand Ceder, 8 battery scien:
it at sarT, reckons fhat if the first solom of
an average car's daily mnge were provided
by hatveries rather than petrol, snnual pet-

rol consumption would be hilved. Given
that the electrical equivalent of a litre of
petrol costs about 25 cents, that is an attrac-
tive reduction.

The widespread adoption of plugins
might also reduce carbon-dioxide emis-
sions, depending on what sort of power
station made the electricity in the first
place. Even enengy from a coal-fired station
is less polluting than the serial explosions
that drive an internal-combustion enging,
If the energy comes from a source such as
wind ar nuclear, the gain is enormous.

peyond thay, the rise of plug-ins has im-
plications for the electricity industry liself
If they succead, they will put an unantici-
pated load on the system. In fact, they may
remnake electricity as well as transport,

Don't all rechange at ance

That bs certainby the view of Pewer Corsell
of Gridpoin, o company based in Arling
tom, Vingknla. His firm hopes to make its liv:
ing s#iling the load-management technaol-
ogy required for “smart grids". As
mentioned earlier in this speciil repor,
thete are several reasons why sach tech-
nalogy i desirable., Mr Corsell goes one
further: he reckons irwill become essentlal
if plug-ins arrive in force. At the moment,
the grid would be unable 1o cope if a lage
mumber of commulers wrriving home
plugged in their cars more or less dmulia-
neousiy 1o rechange them, Yelif those same
ars wite rechanged ot theee o'dock inthe

morning when demand is bow it would
henefit both consumer (who would get
cheap power and producer fwho would
be able to sell otherwise wasted electric-
ity Such cars might even act as miero:
peakers—reservoirs of electrical enetgy
that a power compiny could draw on if a
car were nof on the road. Managing plug-
ins, Mr Corsell thinks, will be the smart
grid's killer application.

In sunny climes, plug-ins might also
provide another use for solar cells. Google
i5 already experimenting with photovol
taiz car parks, These have covered
in solar cells which will £
pee” cars and m%
them. That is an idea which eould spread.
Supermarkets, for example, might find that
car parks with plugs would attmet custom-
ers who wanted (o top up thelt e And
fhe more opporiunites there ge for s
tionary cars 10 be rechrged, the more
hhir theny are to be bought.

Plug-ins are moving from bded i reality
with amazing speed. Genenl production
of the Tesln, Hlon Musks new sports car,
began in M e i s Californian, but
i 1 o g
even 4 all of its power
from lithiwmon batierles (the son that
power liptop computers), and it has a
sokm, It can manage that be-

ringe ol 35
cause bts price of 108,000 buysa lot of bat-
teries: Tesla owners are not the son who
covant thedt pernies.
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*  Moris the Tesla the enly sports car 1o go
down this road. Electric motors may lack a
throaty roar, but they actually do a better
job mﬂgnﬂrﬁpuiﬂr
mance ]
ot low revs which makes them an:eler:g::
faster. In Eritain a new firm called the
Lightning Car Company plans to revive
the country’s sparts-car tradition with the

Lightning T, Mr Musk also faces comperi-
tion in California. from Fisker Automotive,
whaose eponymous founder Henrik Fisker
helped design the Tesla, (Tesla Motors is

breakthrough in battery technology.

Al moment, lithium-icn batteries
are the variety. This kind of bat-
tery bum in its ionie form (e, with
the ped of an electron to make

. When the battery is fully
ions hang around one of its
5. ke anode, which is usually
made of gaphite. During opesation, the
Wﬁ:hmﬂﬁmﬂ:ﬁ

fio the other one. the cathode,

and electrons (which are negatively

YOU want to make an environmenial-
Ist squirm, mention nuiclear power.
Atomic energy was the green movement's
darkest nightmare: the child of mass de-
struction, the

mate victory of pitiless techn oviEr
frail humanity And ot even I:m:"“r'-'n'tll.
times change. The followers of Rachel Car-
mﬁ?aﬂuﬁdﬁhmemm
15705 had not heard greenhouse ef-
fect, but today's greens have. And they
know that reactors are the one pro-
ven way to make carbon-diexide-free elec-
tricity in lange and reliable quantities tha

charged) pass between the electrodes
through an extérnal elrcuit. Itis that current
of electrons which drives the motor, The
cathode may be made of & variety of ma-
terials. Cobalt axide is traditional but ex-
pensive, Manganese oxide is becoming
popular. But the future probably lies with
iron phosphate, which has less of a ten-
dency to overheat, a prablem that has re-
sulted in battery recalls in the past,

Irom phosphate certainly will be the fu-
ture if General Motors has anything to.do
with it, G is collaborating with A1335ys-
tems, & firm started by Dr Ceder's cal

league Yet-Ming Chiang, to develop batter-
ies with ironp hate cathodes for the
¥olt. a123's parti trick i5 that the iron

mﬂﬁ in its cathodes comes in the
of precisely engineered nanoparti-
cles, This increzses the surface aren avail-
able for the lithium ions to react with
when the currentis flowing, so such batter-
ies can be charged and discharged mpidly:

The Lighming, too, is making use of na-
notechnology. Its batteries, developed by
Altaimano of Reno, Nevada, replace the
graphite anode with ane made of lithium
titanate nanoparticles. The firtm claims that
its batieries are not only safer e gin
burn; lithium titanate cannat), but can also
b recharged mare rapidly Using a 480
valt outlet. such as might be found in a
roadside service station, the job should be
dene in ten minutes,

Dir Ceder reckons he may be able to do
even betier than this. His version of an
iron-phosphate battery can charge or dis-
charge in ten seconds. It too, could be e

aothermal energy doj on the luck of the ge-
ographical driw What a dilemma for a
thoughtful tree-ugger,
Patrick Moora, one of the founders of
Greenpeace, faces no such  dilemma,
He s such a comvert o the nudear
cause that he now chooses to consult for it
Cynics take him to task for that, but he

does not depend (as hydroelecricand ge-  only possible way out of climate change.

charged rapidly at a rondside flling statfon.
He reckons the process would have o be
contralled 1o stop overheating, but a safe
refill would take only five minites. And he
thinks batteries nﬂg}’l"l pet botter sl

The d question

At the moment the process of finding be-
ter electrade materials is haphazard, but Dr
Ceder proposes 1o make it systematic,
Over the centuries, chemists have digooy-
ered about 30,000 inorganic chemical
compounds” (those that are not based
around carbon skeletons), almost any of
which might thearetically be suitable ma-
terial for an electrode, Examining the rele-
wvant properibes of all of them in the labors-
tory is out of the question, but Dr Ceder
thinks he has found a short cot. He is in-
valved in sométhing called the materials
genome project, which takes the known
properties of inorganic compounds and
turns them into extremely sophisticated
computer models. These models are able
to caloulate the quantum-mechanical
properties of the chemicals they are mim-
icking=and they seem 1o getitnight. When
Dr Ceder has checked the predictions for
hitherto untested materdals by conducting
redl experiments, he has found that the re-
sults codncide.

The ‘materials genome project ob-
viously has much wider applications than
battery electrodes, but that is where Dy
Ceder has started, His computer is now
chewing its way through the chemical en-
evelopedia, looking for the likebiest candi-
dates. Watch this space. m

= i H soolpho

Mr Lovelock thinks it i probably too late
amyway, and that Gela will shake herself
and be rid of the plague of humans that
now infest her skin, Mr Moore thinks she
can be persuaded not to, if nuclear power
i5applied in even larger doses.

Grven the widespread concern abom
nuclear energy, how can that be dane?

makes no apology. His view of the world,  Party, the answer comes, by shifting prior-
shared by James Lovelock, the inventorof  itles tfor today's youth, climate change is
Gaiaitheideathatthe Earth itself hassome  what global nuclear warfare was for the
of the characteristics of a living organism),  baby-boomersk Partly by the fading of me-
is that nuclear power—which already pro-  mories: the accident at Three Mile Island,
vides 15% of the world's electricity—-is the  which ended America’s nuclear dreans, »



ktook place neary three decades ago, and
even the Soviet disaster ot Chemaobyl is
miore than twi decades past. And partly by
redefining “cheap®. Thi Electric Power Re
senfch Instimate, an Amencin ndusry
body, puts the cost of fudesr electricity at
&5 cenits o kwh, Mot cheaper than coal's §
min.huchnpﬂﬂlmmlﬂmhn hai a
tonitscarhon emissions The tme,
El ips for a rethink.
Erniest Monix, sur's leading energy
pume and himsslf o ruclear physickss,
He thinks that, o the technical side
at Jease, the key 10 0 nuclesr revival is to go
from # crafi-based ap in which
pach rearioris a bespoke thing of beauiy
to & manufactuting approach, in which
modules of components are made in fac-
tories and simply bolted together on site,

The other modern desideratum, he be-
Heves, b “passive safery”. This seems to be
:hetauuwhntmgimmuudtnmi
“fuil-asfe”, but pertapy the murketing de-
partment mo langer approves of the word
“fafl" gefting near @ reactor
what it means is thot safety measures kick
in sutomatically in an emergency rather
than hawving w be activated. That can be
something as simple as configuring the
contro rods that regulate the speed of a re-
action so that they drop by gravity rather
than having ta be Inserted.

Both Dr Monix's preconditions are he-
ginning to be met. The world's three largest
muclear-reactor firms are hoping for sales
of reactors whose designs have been up-
graded to be more *bolt-together™ and pas-
sively safe than their predecessors. Accord-

ing tr cEna there are plans in America
alome 1o build 14 Ar 1000 Westinghouse re-
actor, six General Eleciric economic sim-
plified boiling-water reactors, fwo or more
GE advanced boiling-water resctors and
seven of the French firm Areva's latest de-
sign, the European pressurised meactor.

Mew generation

mdeed, the idea of modularity can be
taken even further. Toshiba, a large Japa-
nese engincering firm, s pmmmmw
thing known as nuclear batteries: -
made sealed units with an output of 10 me-
gawatts and a lifetime of 15-30 years. When
they stop working, you simply sand them
back to the factory for disp

TJu: scme of modular, fastorybuily,
safe reactor design, howeyver, is

found in Souih Afries. Feople there have
heen experimenting with so-called pib-
ble-bed reactors for decades. They hope to
start building orie for real in 2000, A peb-
bie-bed reacton is fuelled by small spheres
that e, |n essence, tiny reactors in their
own right, They ire made of uranium o
{de fthe fueh and graphite (o substnee thit
sl dionen This et thiat ciuse
nuclear fission), Pile énough
and g chain reaction w

mnw hmnui ::tmd Tan an

Imert gas such o8
bl and it will callecy

tuh—

makes them less fikely to
shuts i down sutomatically & i1 over
heats—though critkcs aigus B
fbe in the pebbles is s fixe hm 'ﬁ
helium is so leaky that there 58 ;Ll#
geiting into the system and startitig a
Mone of these ideas deals with the
question of muclear waste. But that 15
largely a political problem, not & technical
one Though it sounds like. :mﬂ.ﬁn

best answer really is to bury

the time being: That sh 'hdmnn
piﬁ:ﬂ“ﬂlﬁ be recavered for
rEpOCESSIng technology
E:smﬂﬂmﬂﬂihihuﬂurﬂtm&ﬁ
at buried, unprocessed waste cannot
used to mike bombs, ®

S SAMUEL GOLDWYM wisely ob:
served, you should never make pre-
dictions, especially about the future. As far
a5 the technological future is
mmﬁnplu almest always either
overshont or undershoot. Holidays on the
moen by 2000, a8 forecast in the me0s?
Mot exactly A quick hop out of the atmo-
sphers, courtesy of Virgin Galactic, is the
limit of that wision for the mement. On the
other hand, & seemingly boring way of
linking computer files full of data on sub-
atomic physics can turn into 8 world wide

web of information in half a decade,
In retrospect, this special report will no

doubt be proved 1o have been guilty of
both over- and undershoofing, It has be-
gun from the premise that big changes are
afoot in the enerpy field, and has tried to
pick the technologies most likety to be im-
portant, Some outcomes are mutually ex-
clugive. A truly electric car would elimi-
nate the need for biofuels, m:ept.%:mlpt.
in aircraft. cheap hiafusls might poce
electric mnmg!ut n::lﬁw market. & break-
through in the capture and storage of car
bon dioxide would bring coal back into
pliay with & vengeance. Geothermal may
be betteér than solar. Solar may be bettes
than wind.

The report has ignored some technol-
ogies because they will not get anywhere,
Fusiom, that favourite of fantasists, is 30
years away, asitalways has been and prob-
ahly always will be. Glant satellites collect-
ing sunlight and beaming the energy to
Earth as microwaves ane an idea of heroic
proportions, but enough sunbight gets
through the atmasphere o make them ir-
relevant, Other technolopies may make a
contribution, but onby ona small scale, The
idea of floating platforms that ca
wave energy is technically feasible, bur it
SEEMTS MnTe than building wind
turhines. Tidal power works but, even



i ree-sisind H
awe bocul applications. but maintain-
sch turbines s far more wouble than
spanrizr o & windmill

Al sorts of wacky but intriguing sdeas
are being locked into, such as flying tur-
It shat would axploit the high winds of
the jerstream. And so are perfectly sensible
ones, such as ultracapacitors for storing
electricity, that are now niche products but
fiddenly blossom, to the embar-
prophets. Maybe, oo, the hy-

KT wﬂmwmﬂmm—
o & way can be 560
: quire 8 material that can absorh
large volumes of it One for Dr Gerber's
materials genome project, perhaps.
This has also ignored the ques-
tion of efficiency, except in the special con-

text of smart grids. The idea of “nega:
watts”, 45 improvements (o eficiency are
sometimes known, has always been a fa-
vourite of greens. But there is too offer &
ﬂ:ﬁulhil‘dﬁht:ldlmmﬂwupmuﬂﬁ-
ments, which helps to explain why high-
p‘uﬁledmnpimm.uﬂmtmdu:ﬂmuf
energy-efficient light bulbs ame viewed
im0 oo

In any case, a lot iency improve-
mients just happen in the background, as
part of most businesses’  continoous
search for cost savings. Car engines, for ex-
ample, are much more cfficient than they
used 1o be, and are likely 1o become still
mare w0, The reason that American cars are
such gas-guzzlers is not that their engines
have got worse bui that the cars -
selves have got heavier.

Besides, as Hobert Metcalfe, the net-
working guruy, said at a recent conference;
“You are not 10 CONSErvE your way
out of the problem.” The need to keep do-

ing the same thing-consuming energy in
ever larger quantities-is a fasce for change,
Price, political security and environmerital
prassures ate all pushing in the same dirac:
tHon. How quickly that change will happen
Ishvarel to tell, butitis wise to remember the
powerof compound interess,

Sunlit uplands

In some fields, such as information tech-
nology, change happens suddenly ornot at
itll, In others, such a5 energy, it can happen
gradually to start with, but a5 the curve ac-
celerates upward there comes & point
where things move very fast. Ten years ago
wind turbines were marginal. Now they
are taken seriously, and in another decade
they may contribute a8 much as a ffth of
the word's electricity.

Thesame could happen to solar energy,
which is ten years behind wind, and ge-
othermal, with a 20-year lag. Whether it
waould happen faster if carbon emissions
were charged for at an honest price is a

mirot pednt Certainly, that is the only way
1o bring abot e widespraad adoption of
carbon-dincdde capture and storage. B
fise the rewt, the best way might, parsdeel:
calbyg be what sxists nows a threat that ds
mal pnough for elecwicity pénentors to
price |8 inte their future tions with:
ot affecting thelr existing plints,

The lack of new coalfired capacity
cregfes o real opportunity for alternatives,
among them renewables. But the lack of
anaciual carbon price still keeps the costof
existing electricity down, and thus the ne-
cessary incentives in place 1o make Goo-
gle's cheaper-than-coal equation a realit

If and when such cheaper altermatives
arrive, the markets of Asia will open and
Mr Khosla, an Indian-born American, will
se the fruits of his adepted homeland roll
wutinto his native country, 0wl e a long
tirme hefore King Coal and Queen Ol ane
dethroned completely but their reipns as
ahsalute monarchs of all they survey are
coming showly 1o anend. =




