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IF USER demand w ere the sole driver of
innovation , the biomass cooking stove

would be one of the most sophisticated
devices in the world. Depending on which
development agency you ask, between
two­and­a­half and three billion peo ple‹
nearly half the w orld's population‹u se a
stove every day, in conjunction with soli d
fuel such as wood, dung or coal. Yet in
many parts of the w orld the stove has
barely progressed beyond the Stone Age. 

The World Health Organisation (WHO)
estimates that toxic emissions from cook­
ing stoves are responsible for causing 1.6m
premature deaths a year, half of them
among childr en under †ve years old. In
China 83m people will die f rom lung
cancer and respiratory di sease over the
next 25 years, according to a recent report
from Harvard University. Research from
the University of C aliforni a, Berkeley, on
stoves in India, Guatemala and Mexico
has found links betw een indoor air­poll u­
tion f rom stoves and increased incidence
of pneumoni a, cataracts and tuberculosis.

After an ini tial wave of stove design
that sought to reduce deforestation
through imp roved eˆcienc y, scientists
and engineers have turned their attention
to stoves that minimise the levels of nox­
ious emissions to which stove users‹
mainly women and c hildren‹ar e ex­

posed. Crucially, they have also recog­
nised the need to take account of the w ay
in w hich stoves are actually used.

One of the princip al problems the
designer of a stove must solve is to opti­
mise the thermodynamics. Typical
stoves‹includin g the basic Œthree­stone
†res• still used in many parts of the
world‹dra w in too m uch air durin g the
combustion p rocess, which cools the fuel
and means more of it is needed. Even wi th
more advanced designs, poorly in sulated
combustion chambers can add to the
coolin g e…ect and thus to the ineˆcienc y.
The challenge, explain s Bryan Wilson of
Enviro†t , an organisation developing
stoves for India (pictured), is to optimi se a
stove's air­fuel ratio and minimise he at
transfer to improve combustion eˆcienc y.

Enviro† t's latest stoves, introduced this
year in a project sponsored by the Shell
Foundation , use a carburettor design, wi th
chimney s that draw air in thr ough precise­
ly calibrated inlets. Another model, the
ŒOorja•, developed by BP and the Indian
Institute of Science, has an integrated
battery­power ed fan to dir ect air to w ood
pellets in the combustion chamber, im­
provin g eˆcienc y.

Better eˆciency can r educe emissions,
but does not solve the indoor­pollution
problem. One solution is the Œrocket 

Fresher cookers

Technology and development:The humble cooking stove is being overhauled
around the world with the help of Œuser focused• design

On the cover
Mankind has been harnessing
the wind, with sails and
windmills, for thousands of
years. But in recent decades
this ancient technology has
been given a new twist, as
wind power has become an
important and fast­growing
source of renewable energy
around the world: page 15
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stove•, a simp le design that diverts the
smoke outside. Other option s include
stoves that run on p ropane gas or pellets,
or re‡ect solar radiation on to a cooking
vessel. But specialist fuels and constrained
cooking times can restrict their appeal.

As well as being eˆcien t, stoves must
also meet the con‡ictin g objectives of
being transportable and being rugged
enough to wi thstand the rigours of daily
cooking. Combustion chambers therefore
present a Œhuge materials problem•, says
Dr Wilson. Mild steel is the natural choice
for a stove chassis, but such stoves do not
last for more than a f ew w eeks in the †eld.
Nickel­content alloys are a better choice
for durability , but more expensive. For
insulating the stoves, ceramic linin gs are
the materials of choice in the lab, but they
are diˆc ult to ship and present problems
of consistency for m ass production. Mate­
rials are therefore often limi ted to those
availab le locally.

Even if they get the thermodynamics
and materials right, designers must also
make the devices compatib le with loc al
foodstu…s and cooking habits. A lot of the
initi al stove projects failed this test, says
Daniel Kammen of Berkeley's Energy
Resources Group, who h as worked on
several stove projects in sub­Saharan
Africa. A lack of †eld t esting, he says,
meant a lot of stoves were simpl y unsuit­
ed to users' needs. The di…erence in cook­
ing styles betw een countries, he says, can
determine how‹an d w hether‹a ne w
stove design ends up being used. 

In the refugee camps of Darfur , the
dough for the staple food, assida, requires
vigorous stirrin g of the cooking pot.
ŒNone of the stoves we tested had been
buil t with this in mind,• s ays Ashok Gad­
gil , the head of the Darfur Stoves Project.
Only after the stoves were seen to tip over
durin g cooking did Dr Gadgil and hi s
researchers go back to the drawin g board
and re†ne the design. Other †ndings from
the Darfur project shone new li ght on
cooking habits. The original stoves had
been designed to boil w ater, but research­
ers found that for each meal, two­thirds of
the fuel w as used to make sauces by frying
onions, a process that requires a more
intense, continuou s heat. One criticism of
BP's Oorja stove is that it does not get hot
enough to make tradition al Indian breads. 

If such cultur al factors are not taken
into account, people will not use the
stoves. Dr Wilson says just 3% of chimneys
provi ded as part of one project in In dia
were being used, according to a later
survey : the rest had been either sold or
reused as irrigation channels.

And even the best stoves will al ways
be less e…ective in the †eld than they are in
the lab, says Kirk Smith, an expert on the
impact of stove air­pollution on health. In
a†eld w here a large number of devel­
opment projects are chasing small

amount s of funding, getting solid data is
essential for m aking the necessary im­
provements, he says. In parallel with the
advances in the stoves themselves, re­
searchers are therefore †nding more pre­
cise ways to measure usage and pollution,
includin g the placement of battery­pow­
ered heat sensors in users' homes and the
use of particulate monitors with d ata
storage. ŒYou don't get w hat you expect‹
you get w hat you in spect,• says Dr Smith.
It is a lesson that many in the †eld are
belatedly learning. 7

RATTLING along in the Œwashing­mach­
ine environmen t• of an armour ed

personnel­carrier (APC) on steel tracks can
shake the soldiers inside to the point of
exhaustion , according to Dan Goure, a
milit ary analyst at the Lexington Institute,
a think­tank in Ar lington , Virgini a. And
J.G. Brunbech, an APCexpert at the Dan­
ish Army M aterial Command in Oksboel,
observes that the crew's lim bs are prone to
becoming prickly and numb, and their
hands get tired, because they must grip the
vehicle's safety handles tightly. The vehi­
cle itself su…ers, too. The vibration s cause
rapid w ear and tear‹not to mention ou t­
right damage, especially to electronics.

In the past, engineers have tried to
reduce these vibration s by †xing ru bber
pads to the treads. The pads wear out
quickly, however, and often get torn or

even melted. But now t ough, new ru bbers
have come to the rescue. Moreover, these
rubbers are not being used just as pads.
Instead, they are craft ed into enormous
rubber bands that replace the steel tracks
completely. The Danes are converting
their entire APC‡eet to rubber tracks. This
w ill inc rease the amount of time a soldier
can safely spend on board from just one
and a half hours to ten hour s.

Details of how the new s uper­rubbers
are made are still classi†ed, but the results
are not, and they are impressive. Rubber
tracks weigh less than half as much as
their steel counterpart s. That, in turn ,
allow s the weight of the suspension sys­
tem to be reduced by 25%. All this can cut
fuel consumption by as m uch as 30%, says
TACOM, the American army's Tank­
Automotiv e and Armaments Command.

Rubber tracks also provi de more trac­
tion, in part because, being lighter, they
can be made wider than s teel tracks. That
means vehicles †tted with them do not g et
stuck in the m ud. The vehicles accelerate
faster, too, and drivers say they h andle
almost as well on paved roads as wheeled
vehicles do. On top of thi s, they are quiet­
er. That has two bene†ts. One is that crews
are often able to talk to each other wi thout
resorting to intercoms. The other is that it
is harder for the enemy to hear them
coming. According to Curt Aspelund, the
head of tr acks and suspension devel­
opment at BAESystems, a British defence
†rm th at is collaboratin g with TACOM to
design a new APCcalled the Manned
Ground Vehicle (MGV), rubber tracks will
reduce the distance from w hich the vehi­
cle can be heard by 40%.

Rubber tracks are more reliable, too.
Tracked mili tary vehicles are notorious for
breaking down. On average, the segments
of a steel track must be repaired or re­
placed after just 400km (250 miles) of use.
Carryin g spare segments adds to a vehi­
cle's weight. Rubber tracks, by contrast,
usually last more than 3,000km. 

They are also kinder to roads. Tradi­
tionally , of course, that did not m atter
much. The whole point of a tank or an
APCis that it is the ul timate o…­road vehi­
cle. But the growth of pe acekeeping oper­
ations, in w hich showin g the ‡ag to the
locals is an important tactic, means that
road­friendl y vehicles are becomin g more
desirable. The locals will c ertainly not lo ve
you if you c hew up their t armac and make
their streets impassable.

As a result of all thi s, Soucy Interna­
tional of D rummondville , Quebec, one of
the †rms that makes the tracks, reports
boomin g business. The armed forces of
both Canada and Norway have converted
almost all their APCs to tracks made by
Soucy. Those of several other countries,
includin g Britain , Germany, Italy, the
Netherlands, Singapore and Sweden, are
followin g suit or are in the advanced 

Quiet, please

Militar y technology:Using rubber
rather than steel tracks on military
vehicles could reduce wear and tear
on both soldiers and equipment
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FIFTY years ago a soldier injured on the
battle†eld w ould be sewn up by med­

ics using sheep's gut. A hundred years
earlier they w ould have used silk ; before
that, metal wir e. Today, surgeons often
prefer plastics such as polypropylene.
Sutures have a long and bizarre history,
dating back to ancient Egypt, where every­
thing from tree bark to hair w as used to
stitch human ‡esh back together again. 

The latest suggestion, though, is prob­
ably the most bizarre of the lot: bovine
serum albumin , a protein found in cows'
blood. The reasons for picking it are that it

is already produced on a commercial scale
(it has many application s in biochemistry)
and that it is suˆcientl y simil ar to human
serum albumin , one of the most abundant
proteins in the human body, for the im­
mune system not to notice it. That reduces
the risk of a w ound becomin g in‡amed.
But there is a problem. Bovine serum
albumin does not come in thr ead form.

Eyal Zussman and his colleagues at the
Technion­Israel Institute of Technology in
Haifa think, however, that they have
found a solution to this p roblem. They
propose to use a technique called electro­
spinnin g to turn the stu… into threads that
asurgeon can use. Electrospinnin g works
by connecting a needle­like spinneret to a
high­voltage power source and releasing a
charged liquid from it t oward s an earthed
collector plate. Like a spark betw een a
cloud and a lightning conductor, the liquid
stretches out to the collector. If the mole­
cules within it hold t ogether while this i s
happening, a solid thread may form.

Some materials, however, are easier to
spin in this w ay than other s, for if the
molecules do not stick together, the liquid
stream will b reak up. And, until no w, that
has been true of bovine serum albumin.
The molecules of this protein are more or
less globular, and are held in that shape by
internal cross­links betw een di…erent
parts of the amino­acid chain of w hich
the protein is composed. That discourages
them from formin g †bres. Although elec­
trospun bovine serum albumin does not
actually break up in to droplets, the result­
ing threads have been so short and irreg­
ular as to be useless.

What Dr Zussman and his colleagues
have managed to do is break the internal
bonds in the protein molecules by mixin g
them with a c hemical called beta­mercap­
toethanol. The result, as they recently
reported in Biomacromolecules, is that
they can spin bovine serum albumin in to
long, even †bres that are perfect for creat­

ing both suture threads and thick mats
simil ar to convention al w ound dressings,
but on a small scale. Not only are these
threads and mats readily accepted by the
body, but the albumin of w hich they are
composed has glue­like properties, which
helps to stick torn ti ssues together.

The consequence is that sutures made
w ith these new threads are expected to
reduce the scarring left when the stitches
are removed. More signi†cantly, the fact
that they do not p rovoke in‡ammation
means they it mi ght be possible to use
them to repair the w ounds of patients
w ith condition s such as diabetes, in w hich
chronic skin inf ections often get in the
way of healing when normal s titches are
used. That w ould be a real advance on
polypropy lene and sheep's gut. 7

Astitch whose
time has come
Medicine: A protein extracted from
cows' blood could provide the best
answer yet to the age­old question of
how to sew up wounds

What a surgeon's dreams are made of

LIKE many other in dustries, the telecoms
industry is inc reasingly worried a bout

its energy consumption and the associat­
ed carbon footprin t. This is not just be­
cause rising energy prices have made it
more expensive to run telecoms networks;
it is also because telecoms network s and
devices account for nearly 1% of global
greenhouse­gas emissions, and the in­
dustry w ants to avoid criticism from green
campaigners. Unlike many other †rm s,
however, telecoms operators †nd their
carbon footprint s quite easy to w ork out.
That is because their footprint s are domin­
ated by one thin g: running their ne tworks.

For example, Vodafone, a giant Euro­
pean mobile operator, estimates that its
networ k accounts for 80% of its carbon
footprin t (the remainder is attribut ed to its
oˆces , shops and vehicles). And three­
quarters of the networ k's contribu tion i s,
in turn, associated with po werin g the
base­stations that allow mo bile phones to
connect to the network . 

Typically , around half of the o perating
expenditur e of a networ k company goes
on electricity, according to Ericsson, a
leading telecoms­equipment manufactur­
er. The proportion t ends to be higher for
operators in the developin g world be­
cause their base­stations may be in remote
areas, and therefore require diesel­fuelled
generators. So the recent spike in energy
prices has prompt ed operators to look for
ways to cut costs. ŒThe operators are feel­
ing it,• says Elaine Weidman, Ericsson's 

How green is
your network?
Environment: Telecoms †rms are
reducing the power consumption of
their networks, for economic and
environmental reasons

stages of testing the tracks. France plans to
start tests next year. And although Ameri­
ca has not sent APCs with ru bber tracks
into action , they form part of F uture Com­
bat Systems, the Department of Defence's
main moderni sation p rogramme. 

At the moment, rubber tracks can
support only v ehicles weighing less than
20 tonnes. They are not strong enough for
50­tonne battle tanks. But this is changing.
The MGV, for example, will w eigh 30
tonnes, and Canada recently began a trial
of ru bber tracks on the Mobile Tactical
Vehicle Light (MTVL), a 22­tonne APC. If
the MTVLpasses muster it will join C ana­
da's rubber­tracked 20­tonne M113 APCs in
Afghanistan. Soucy, meanwhile , is devel­
oping rubber tracks for full­sized tanks.
Warfare, it seems, is about to get quieter. 7
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director of corporate responsibility.
Fortunately there are some relatively

simp le ways to reduce the energy con­
sumption of a b ase­station. The †rst is to
turn down the air­conditioning . Many
mobile operators now run b ase­stations at
astandard temperature of 35°C, rather
than the previou s norm of 25­30°C. Stud­
ies show th at the higher temperature does
not reduce the equipmen t's reliabili ty or
life expectancy. ŒThe biggest restriction i s
actually our t echnicians, who do not lik e
going into the hut to w ork at 35 degrees,•
says Andy M acLeod, Vodafone's global
network s director.

Operating at this temperature means
ambient air can be used for cooling, even
in hot countries. An air­†lter is installed on
one side of the cabin, and a fan is installed
on the other, resulting in a steady ‡ow of
air. Vodafone plans to replace air­condi­
tionin g with this s imp ler approach, called
Œfreecooling•, in the majori ty of i ts base­
stations over the next three years, as part
of a plan to reduce its carbon footprin t by
50% betw een 2006 and 2020.

Other energy­saving tips are even
simpler . In many hot countries, telecoms
†rms paint the exterior of b ase­stations
white to de‡ect the sun. Another power­
saving measure is to turn o… base­stations
completely when they are not b usy. In
densely populated areas, many base­
stations are installed to boost the net­
work's capacity, rather than to p rovide
essential coverage. In quiet periods w hen
there are fewer calls to handle, such as the
middle of the ni ght, some base­stations
can be turned o…. A further trick is to
redesign the base­station to m ake it more
energy­eˆcien t. A technique called Œre­
mote radio­head• in volv es shiftin g radio
equipmen t from the cabin to the top of the

mast, where it is cooled naturally. 
E…orts are also under way to exploit

renewable sources of energy to power
telecoms network s. Leading equipment­
makers such as Ericsson and Nokia Sie­
mens Network s have installed hundreds
of base­stations powered by solar panels,
w ind turbines or biofuels, mostly in p arts
of the developin g world w here there is no
electricity grid. The number of renewable­
powered base­stations will inc rease as
network s expand into rural areas of the
developing world. But so far they m ake up
only a tiny p roportion of the t otal.

There is also scope to reduce the envi­
ronmental impact in another area: the
handsets. Nokia, the world's biggest hand­
set­maker, has been looking at making
mobile phones entirely f rom recycled
materials such as plastics from drink s

bottles and old ty res. Sony Ericsson, an­
other handset­maker, recently announced
aproject called GreenHeart, which pro­
poses various things the company w ould
like to include in future devices, such as
bioplastics and recycled materials, a low­
pow er charger and online rather than
paper­based user manuals.

The problem for o perators is that even
as they become more energy­eˆcient,
networ k expansion and subscriber
growth m ay still inc rease their overall
carbon footprint s. The Smart2020 report,
published in June by the Global e­Sustain­
abili ty Ini tiative , a partnership of t ech­
nology †rms and industry associations,
and the Climat e Group, a non­pro†t envi­
ronmental club, predicts that global emis­
sions from telecoms network s and hand­
sets will more than d ouble betw een 2002
and 2020 as adoption inc reases. 

The same problem also a…ects †xed­
line telecoms networks , as broadband
infrastructur e is upgraded from copper
w ires to optical †bres and new equipment
is installed to handle larger volumes of
data. Verizon, a big American operator
which is deployin g a high­speed †bre
networ k in several regions, has asked
equipment­maker s to buil d gear that
requires less power. A poll carried out by
Verizon found that most of i ts suppliers
thought they w ould be able to reduce
pow er consumption in new eq uipment
by 10­15% without loss of performance. It
has set a goal of 20% for equipmen t being
installed from 2009, says Chuck Gra…,
Verizon's director of networ k technology.

BT, Britain's biggest †xed­line operator,
has set a goal of reducing its emissions by
80% by 2020 by switchin g to more eˆ­
cient equipmen t and sourcing electricity
from low­carbon sources such as wind. As
w ith cars and computers, the focus in
telecoms is no longer solely on perfor­
mance, but on eˆcienc y, too. 7

ONE reason people prefer watching
†lms in cinemas to sittin g at home

w ith a DVD is that 35mm­†lm projectors
render a richer range of colours, closer to
the range of hues that the human eye can
perceive. Even today, a conventional
plasma­screen television set produces
only 50% of the range of colour (known
technically as the gamut) that the eye can
perceive. Film , by contrast, manages
around 60%. But †lm h as a fundamental
problem. A pristine prin t of a movie h as

rich, vibrant colour, but every time th at
prin t is projected it is degraded, and even­
tually it h as to be replaced.

Digital cinema­projectors get around
this problem, but purists compl ain that
the gamut is not as rich as with †lm. T hat
may soon change, though, thanks to a new
digital cinema­projector that uses lasers. It
has been designed by a group of research­
ers at the Chinese Academy of Sciences in
Beijing, led by Bi Yong, in collaboration
w ith a †rm called Phoebus Vision Opto

Moving images into the future

Entertainment: Digital­cinema projectors that use lasers rather than xenon
lamps could lead to richer colours on the silver screen
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AFTER the hanging­chad †asco in the
American presidential election of

2000, caused by unreliable mechanical
voting machines, and the refusal four
years later of some manufacturers to
reveal exactly how the elec tronic devices
they proposed as replacements actually
worked, the search is on for a w ay of
voting that is both reliable and trust­
worthy. Trustworthiness , at least, might be
achieved by encryptin g people's votes.
That w ould make it hard to in terfere wi th
the process of countin g them and, as a
bonus, if they w ent astray (as seems to
happen distressingly of ten to data when
government oˆci als meet information
technology) no harm w ould be done.

One way of d oing this has been de­
vised by Peter Ryan, a comput er scientist
at the University of N ewcastle upon Tyne,
in England. He calls his approach ŒPrêt à
Voter•. It uses paper ballots which are
scanned by an optical reader. Each ballot
has two halves. The candidates' names are
on one side and the tick boxes on the
other. A voter ticks the box he wants, then
divi des the paper, puttin g only the half
w ith the tick on it in to the ballot box.

The trick is that the candidates are
listed in random order on each ballot
paper. If there are three candidates, there
are six possible orders. If four, 24. If †ve,
120. And so on. Each possible order is
equally represented among the papers.
Anyone looking at the deposited half of
the paper cannot, therefore, tell in w hose
interest it w as cast.

However, the machine that is used to
scan the ballots can tell. This is because
each deposited half also carries a code (a
numerical code or a bar­code) represent­
ing the candidate order on that particular
paper. To decipher this code, and thus
determine the value of the vote, a numeri­
cal key is required. That key is held only b y
the oˆcial in c harge of the election or, for
extra security, it can be divided among
several oˆci als and party representatives.

Ben Adida and Ron Rivest, of the Mas­
sachusetts Institute of Technology, have
elaborated upon Dr Ryan's system to
create what they call ŒScratch & Vote•. The
ballot paper looks like the one used in Prêt
àVoter, with the a ddi tion of a scratch­o…
area of the sort employed in instant lott er­
ies. This provi des as an extra level of 

Areally secret
ballot
Security:A variety of schemes to
encrypt ballot papers should
reassure voters and help to make
elections more secure

Electronics Technology. It can produce an
eye­popping 80% of the range of colours
that the human eye can see.

In both a 35mm projector and a digital
projector, a bright source of w hite light
provi des the illumina tion. This is com­
monly a xenon l amp, in w hich electricity
is arced through a tube †lled with the g as.
In a standard 35mm projector, the image is
projected through the †lm and on to the
screen using a series of lenses.

In the case of a digital projector, the
white light is †rst separated into blue,
green and red components and then fed
into an optical­processing device that
makes use of microelectromechanical
technology to generate the image. Hun­
dreds of thousands of microscopic mir­
rors are employed, each of w hich can be
tilt ed into one of two po sitions. Each
mirror corresponds to a single picture
element (pixel) in the projected image and
acts as a beam­steering device, controlling
whether that pixel is light or dark. Inter­
mediate shades are created by til ting the
mirror backwards and forward s thou­
sands of times a second to vary the b right­
ness of the pixel. This approach is called
Œdigital light processing• (DLP).

The idea of using lasers as light sources
for projectors dates to the 1960s, but tw o
things held it back. First, in those days,
lasers were bulky, expensive devices,
whose only role in the cinema w as to
threaten to cut James Bond in half. That
problem has gone away as compact and
inexpensive semiconductor lasers have
become commerciall y available . The
second problem, though, is that laser light
can Œspeckle•, w hich is to say that when i t
scatters o… a rough surface, a random
shimmerin g and sparklin g pattern is
produced. Speckle, a consequence of the
narrow r ange of li ght that a laser pro­

duces, degrades the sharpness of the
projected image. It is this problem that Dr
Bi and his colleagues have overcome.

They use several red, green and blue
lasers and feed the light from these into an
optical †bre to produce white light. Be­
cause the operation of e ach laser is in­
dependent of the other s, their speckles
cancel each other out. That done, the
white laser light is †ltered back in to red,
green and blue light and projected using
the DLPsystem.

Dr Bi has, however, gone further than
just elimin ating speckle. He notes that if
the red laser light used is made redder and
the blue laser light made bluer, the gamut
of the projected image increases. Indeed,
the theoretical maximum gamut of a
laser­based system is almost 90% of what
the human eye can perceive.

The disadvantage of this increased
redness and blueness is that higher­power
lasers are required. But that may not m at­
ter too much. Lasers are more eˆcien t
than xenon lamps, which waste a lot of
energy as heat. Dr Bi and his colleagues
calculate that even with the boo sted lasers
their projector needs only 35% of the
pow er required to run a normal di gital
projector. On top of th at, lasers last for a
long time, whereas xenon lamps burn out
and need to be replaced periodically.
Runnin g costs should therefore be lower.

The ini tial cost will still be hi gher,
though, at least to start with. W hen
launched, Phoebus's projector is expected
to be ten to 20 times more expensive than
those that use a xenon lamp. But that, no
doubt, will c hange as the cost of l asers
drops. Just as they have improved things
in countless other areas, from telecom­
munication s to compact­disc players,
lasers could thus make going to the cine­
ma even better than it is now. 7



security, because it contains the data used
to randomi se the candidate order on that
particular ballot paper. Such data can
unlock the individu al code on the ballot
paper, in order to make sure everything
matches, in conjunction with a n umber
known as a public key. (This di…ers from
the privat e key used by election oˆci als to
decrypt the vote in the absence of the
original randomisation d ata.)

Under the Scratch & Vote scheme, a
voter is o…ered two i dentical ballot p a­
pers. He votes on one, and the candidate
list and scratch area are then removed and
destroyed. He may also choose another,
and give it a trusted organisation to v erify
its integrity (by combinin g the data from
the scratch area with the p ublic key to
make sure everythin g matches). Since the
voter himself h as decided which of the
two ballot papers carries his actual vote, it
is hard to Œgame• the system by feeding
him a true and a false paper.

A third approach to the idea of en­
crypt ed ballots is called Scantegrity II. I t
was designed by David Chaum, a comput­
er scientist and cryptographer who,
among many other thin gs, invented the
idea of di gital cash. Instead of p uttin g a
cross next to the candidate's name, a voter
†lls in an oval­shaped space, known as a
bubble, next to the name. So far, that is
simil ar to one wi dely used American
system. However, in the case of Scan­
tegrity the v oter does not use an ordinary
pen, but a special one with Œink• that
reacts with a p attern of two c hemicals
print ed inside the bubble. 

One of these chemicals darkens the
whole bubble, so that its position (and
thus the candidate voted for) can be re­
corded by a standard optical­reader. The
other becomes visible in a contrasting
colour to r eveal a previously invisible
three­character code, derived from a ran­
dom­number generator. Since the optical

readers employed by this system do not
have character­recognition software, this
code cannot be read by the v ote­counting
machine. But it can be noted by the v oter
on a detachable receipt at the bottom of
the ballot paper. He can then, if he wishes,
check thin gs are in order by entering the
serial number of his ballot paper in to a
website set up for the election. It should

respond with the ap propriat e code. If
the code does not match, something
is awry , and an investigation can start.

None of these approaches has yet
been widely tested (although Dr Ryan
has tried his out on those traditional
laboratory anim als, undergraduates,
by encouraging Newcastle's students

to use Prêt à Voter in their elections), so
they w ere not used in this year's Ameri­
can presidential election. Fortunately
there was no repeat of the h anging­chad
†asco. But cryptographic voting of some
form is surely a strong candidate to appear
on the ballot in a f uture election. 7
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SCRAP conjures up visions of rusting
junkyard s on the wrong side of the

tracks. But this im age could soon be given
agreen makeover. Researchers have found
that iron †lin gs from factories can be a
cheap and eˆcient w ay to clean up poll ut­
ed water. Because such scrap is wi dely
available , the idea could be particularly
useful in developin g countries.

The new approach is being used to
treat wastewater in the Taopu Industrial
District of Shanghai, which is home to
many small pharmaceutical, petrochemi­
cal and textile factories that discharge
water contaminat ed with d yes, phospho­
rus and nitrogen. The project, which be­
gan in August 2006, now tr eats about
60,000 cubic metres (about 13m gallons) a
day of in dustriall y contaminat ed water‹
which is about the volume of m unicipal
wastewater that a small town generates.

Wei­Xian Zhang of Lehigh University
in Bethlehem, Pennsylvani a, and Luming
Ma of Tongji Uni versity in Shanghai have
been using the Taopu wastewater facility
to test their methods of treating industrial
wastewater using iron †lin gs. Iron powder
(technically called zero­valent iron by
chemists to show th at it has not oxidised)
has been used to treat groundwat er for
more than a decade. It is used to remove

dangerous substances such as trichlo­
rethene (used in paint strippers and ad­
hesives) and arsenic. But no one had tried
using iron †lin gs to treat water discharged
from factories before.

The standard technique for tr eating
wastewater is to pass it through a series of
tanks containin g biological agents, such as
bio†lms, bacteria and other aerobic organ­
isms, that break down the contaminants
in a few d ays. But this often does not work
w ith w ater from factories, especially as it
may contain synthetic compound s that
are toxic and not b iodegradable. 

Dr Zhang had previously invented a
method to clean groundwat er and con­
taminated soil using iron nanoparticles. It
was e…ective, but such nanoparticles are
expensive: about $100 a kilo gram, which
can prohibi t their use in developin g coun­
tries. Dr Zhang, who did his un dergradu­
ate degree in Shanghai before movin g to
America, thought iron †lin gs, which have
a large surface area, might provi de a cheap
alternative . Scrap iron currentl y costs
about 20 cents a kilogram in China. His
idea was to treat industrial wastewater by
passing it through the iron †lin gs, and then
treat it as municipal wastewater. The
non­biodegradable industrial chemicals
are attracted to the surface of the iron
shavings, where they react by sharing
electrons with the iron and become de­
graded. (The iron gets oxidi sed in the
process.) Any biodegradable contami­
nants that remain are then neutrali sed by
the second step.

Dr Zhang found that treating the iron
†lings with a solution of c opper chloride
increased their e…ectiveness (and put the
cost up by only a bout †ve cents a kilo­
gram). He teamed up with Dr Ma in
Shanghai about †ve years ago. Using 40kg
of scrap iron, they ran a prototype experi­
ment w hich show ed that the method
worked. Then the full­scale treatment
facility came into operation. It consists of
ten parallel cells containin g a total of
914,000kg of iron †lin gs, all purchased
locally. (The iron lasts about two y ears
before it has to be replaced.) Some 80% of
the water treated is industrial discharge.

Compared with b iological treatment
alone, big improvements have been re­
corded. The removal of ni trogen has gone
from 13% to 85%; phosphorus from 44% to
64%; and colours and dyes from 52% to
80%. Given the success of the technique,
Dr Zhang and Dr Ma have now been
invit ed by several municipali ties in China
to help with the es tablishment of similar
treatment centres. The two researchers are
also workin g on a much larger treatment
centre in Shanghai that can handle
100,000 cubic metres of wastewater a day.
Dr Zhang hopes his method will open a
new chapter in the treatment of in dustrial
wastewater, not least because the vital
ingredient is cheap and abundant. 7

Green iron

Environment: Treating industrial
wastewater with scrap iron can be a
cheap and e…ective way to reduce
pollution from factories
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BIOTECHNOLOGISTS have long
dreamed of creating a Œlab on a chip•

that w ould pack the power of a full­scale
analytic al laboratory in to an object as
small and as easy to use as the hand­held
scanners famili ar to fans of science­†ction.
Such a device might detect biological
weapons, run genetic tests or sni… out
contaminant s. Sta… at clinics could use it
to screen people for inf ectious diseases. 

Many designs have been proposed for
such a device, but none has really taken
o…. The latest, though, sounds promising.
It uses a quantum­mechanical e…ect
called giant magnetoresistance (GMR),
which is also the basis of modern h ard­
disk drives. Prototypes made in Europe
and America have indeed been able to
detect everythin g from deadly toxin s to
illegal drugs and markers of disease.

Giant magnetoresistance relies on
devices called spin valves. These are made
by in terleaving thin sheets of magnetic
and non­magnetic metals to form a sand­
w ich composed of layers mere nano­
metres (billionth s of a metre) thick. If a
nanoscale sandwic h is exposed to a mag­
netic †eld, the quantum spin of i ts elec­
trons, and hence its electrical resistance,
changes in a way that is easily detectable.

In 1998, however, it occurred to David
Baselt of the Uni ted States Naval Research
Laboratory (NRL) in Washington, DC, that
spin valves might also make excellent
biosensors. Biological materials are not
usually magnetic, but they are often chem­
ically speci†c. Dr Baselt w ondered if tin y
magnetic particles could be attached to
molecules using either antibodies (which
w ill bond to p roteins, sugars and so on) or
single­stranded DNA (whic h will bond t o
acomplementary DNA strand to form the
famous double helix). Searching for a
target molecule w ould then involv e sprin­
klin g a sample thought to contain it wi th
magnetic nanoparticles coated with the
appropriat e antibody or DNA, and run­
ning it over a spin valve.

It is a simp le idea. But it has taken Dr
Baselt and his colleagues, along wi th
researchers in several other organisations,
ten years to turn his in sight in to a practical
technology. The details of the various
prototypes di…er, but the princip le is the
same. The spin valves and the channels
needed to feed samples into them are built

onto silicon wafers using chipmaking
techniques. Magnetic nanoparticles are
attached to sample molecules using anti­
bodies or DNA, and each spin valve on the
chip is coated with an tibodies or DNA
strands that react with only one sort of
target molecule. This means that a single
chip can search for m any targets at once.
(Searching for more than one target using
standard methods often requires large
samples and a series of tests, but a GMR
chip can do the job in a s ingle pass with a
sample as small as a single microlitre.)

Nanoparticle s in a haystack
Such chips are extraordinaril y sensitive.
Prototypes buil t by researchers at the
Naval Research Laboratory, Stanford
Universi ty and Philips , a Dutch electrical­
goods †rm, can detect a substance that is
present at a concentration of less than one
part in a million billion. Lies bet Lagae,
who w orks at IMEC/MCP, a microelec­
tronics laboratory in Belgium, and Paulo
Freitas, of INESC, a simil ar organisation in
Portugal, claim even more strikin g results.
Their experiment s can sometimes detect
individu al molecules. In particular, this
sensitivi ty m akes the new chips better at
searching for strands of DNA. At the mo­
ment, such searches require the number
of DNA molecules in a sample to be mul­
tiplied using a trick called the polymerase
chain reaction (PCR) before there is a
decent chance of detecting the target.

Nor are these advantages merely theo­
retical. Shan Wang of Stanford has used a
GMRchip smaller than a postage stamp to
detect carcinoma­embryonic antigen (a
sign of colon and rectal cancer) and hu­
man papillom a viru s, the main cause of
cervical cancer. And at the NRL, Cy Tama­
naha has had simil ar success detecting

ricin, staphylococcal enterotoxin Band
other potential bioweapon s. Dr Tama­
naha says the NRL has developed a bat­
tery­powered unit the size of a shoebox,
and has licensed its design to Seahawk
Biosystems, a †rm based in Austin, Texas,
for food­testing and environment al use.

Others researchers use magnetism not
just to detect the target molecule, but also
to carry it to the spin valve. In a paper in
the Journal of Immunological Methods,
Wendy Dittmer of Philip s claims to have
achieved a 100,000­fold increase in detec­
tion speed by hurryin g magnetically
tagged molecules of parathyroi d hormone
toward s the spin valve with an electro­
magnet, instead of le ttin g them di…use
there. Philips plans to introduce a hand­
held drug­testing device in 2009, in part­
nership with C ozart, a British medical­
diagnostics †rm. This breathalyser, de­
signed for roadside use by police, will scan
suspects' saliva for dru gs such as cannabis,
cocaine and heroin. 

There may be an even faster method,
however‹an d one that avoid s †ddling
w ith electromagnets. Marc Porter, at the
Universi ty of Utah, h as brought nanomag­
nets and GMRsensors together with a
simp le swipe . In a pair of p apers to be
published soon in Analytica l Chemistry,
Dr Porter describes how he and his gradu­
ate students ran a slender glass stick
larded with m agnetic nanoparticles
through a GMRreader. Dr Porter believes
that an automated reader could scan a
sample stick in a second, and he imagines
aday when p harmacies will keep such
readers on the premises, with c ustomers
bringin g in personal Œwellness cards•
preloaded with bodily ‡ uids and ob­
tainin g diagnoses without having to sit
forever in a doctor's waiting room. 7

Spinning a 
good tale
Medicine: A quantum­mechanical
e…ect used in hard disks may hold
the key to the development of a
hand­held biology laboratory

The medical tricorder starts here
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THIS newspaper was established in 1843
to take part in Œa severe contest be­

tween intelligence, which presses for­
ward, and an unworthy , timid i gnorance
obstructing our progress•. One of the
chief w ays in which in telligence presses
forwar d is through inno vation , which is
now r ecognised as one of the most impor­
tant contributor s to economic growth.
Innovation , in turn, depends on the cre­
ative individual s who dream up new
ideas and turn them in to reality.

The Economistrecognises these talent­
ed people through its annual Innovation
Awards, presented in eight †elds: biosci­
ence, computin g and communications,
energy and environment , social and
economic inno vation , business­process
innovation , consumer products, a ‡exible
Œno boundaries• category, and an award
for the corporate use of innovation. The
award s were presented at a ceremony in
London on October 30th presided over by
John Mic klethwait , The Economist's editor­
in­chief. And the winners w ere:
¹ Bioscience: M artin E vans, director of the
school of b iosciences and professor of
mammali an genetics at Cardi… University,
for his w ork in stem­cell r esearch and the
development of Œknockout• mic e. Sir
Martin performed p ioneering research
into stem cells, and used them to create
mice with a speci†c genetic disorder. This
led to the creation of Œknockout• mice,
which are used to model human diseases
by deactivatin g a speci†c gene.
¹ Business Process: Jimmy W ales of W iki­
pedia for the promotion of online p ublic
collaboration as a means of content
development. Mr Wales co­founded Wiki­
pedia, a free, online encyclopedia, in 2001.
Every entry is a wiki‹a s pecial kind of
web page that anyone can edit. Today
versions of Wikipedi a exist in more th an
250 languages, containin g over 10m arti­
cles (2.6m in English), making Wikipedia
the largest encyclopedia ever created.
¹ Computin g and Telecommunications:
M atti M akkonen for the development of
Short M essage Service (SMS), or text
messaging. Mr Makkonen is a Finnish
engineer who is credited with in venting
SMS, which allows short messages to be
sent betw een mobile phones. He pro­
posed the idea in the 1980s while w orking
at Finlan d's telecoms authority . Billion s of
text messages are now sent every day.
¹ Consumer Products and Services: Steve
Chen and C had Hur ley of YouTube, for

creating an easy w ay to share vi deo.
YouTube, founded in 2005, lets users
upload video †les via b roadband connec­
tions. They can then be viewed on You­
Tube's own site, or embedded in pages on
other sites. Viewers can add comments
and ratings. YouTube quickly became a
cultur al phenomenon and is now the
most popular video site on the internet. 
¹ Energy and the Environment : Arthur
Rosenfeld for his promo tion of ene rgy
eˆciency . Dr Rosenfeld is considered a
foundin g father of the energy­eˆciency
movement. He established the Center for
Buildin g Science at Lawrence Berkeley
National Laboratory and helped to devel­
op more eˆcient li ghting, low­emissivity
w indow s and softwar e to analyse the
energy use of buildings.
¹ No Boundaries: Sumio Ii jima for the
discovery of carbon n anotubes . Dr Iijima
discovered carbon nanotubes in 1991
while w orkin g as a researcher at NEC.
They are the strongest and sti…est materi­
als known , with m any unique p roperties.
They are being applied in catalysts, batter­
ies, fuel cells, solar cells and drug delivery. 
¹ Social and Economic Inno vation: Bill
Gates and M elind a Gates for developing
of a philanthrop ic support p latform .
The Bill and Melinda Gates Foundation
was created in 2000 with a mi ssion to
improv e lives around the w orld. As well
as applyin g a rigorous, businesslike ap­

proach to philanthropy , it provi des an
enablin g platform for other non­p ro†t
organisations. It focuses on improving
health, reducing poverty and inc reasing
access to technology in public li braries.
¹ Corporate Innovation: Noki a for i ts
abili ty to respond to social and techno­
logical trends while m aintainin g its posi­
tion as the world's largest handset­maker.
The †rm makes use of anthropologists
and futurologist s to steer product design,
and recently launched its ŒComes With
Music• service, hailed as a promisin g new
model for the m usic industry.

And thank y ouð
We extend our congratulation s to the
w inners, and our thanks to the judges:
Robin Bew, editorial director, Economist
Intelligence Unit; Matthew Bishop, Ameri­
can business editor, The Economist; An­
drew Cahn, chief executive, UKTrade &
Investment; Marvin C aruthers, professor
of chemistry and b iochemistry, University
of Colorado; Hermes Chan, president and
chief executive, MedMira; Martin Cooper,
chairm an and chief executive, Array­
Comm; George Craford, chief technology
oˆcer , Philip s Lumileds; Hernando de
Soto, chairman , Institute for Liberty an d
Democracy; Rodney Ferguson, managing
director, Panorama Capital; Janus Friis,
co­founder, Joost; Lisa Gansky, co­founder,
Ofoto ; François Grey, head of IT communi­
cations, CERN; Georges Haour, professor
of technology and innovation m anage­
ment, IMD; Vic Hayes, former chair, IEEE
802.11working group; Mo Ibrahim , foun­
der, Celtel; Paul Jackson, princip al analyst,
Forrester Research; Mike Lazaridis, presi­
dent and co­chief executive, Research in
Motion; Yoichiro Matsumoto, professor,
and dean of engineering, University of
Tokyo; Edward McBride, energy corre­
spondent, The Economist; Louis Monier,
vice­president of p roducts, Cuil; N.R.
Narayana Murthy, chairm an and chief
mentor, Infosys; Andrew O dlyzko, profes­
sor of m athematics, University of Minne­
sota; C.K. Prahalad, professor of corporate
strategy, University of Mic higan business
school; Andrea Pfeifer , chief executive, AC
Immune; Sam Pitrod a, chairman , National
Knowledge Commission, India; Navi
Radjou, vice­president, enterprise applica­
tions, Forrester Research; Rinaldo Rinol†,
executive vice­president, Fiat Research;
Paul Romer, professor of economics,
Stanford Graduate School of Business;
Paul Sa…o, technology forecaster; Jerry
Simmons , deputy dir ector for energy
sciences, Sandia National Laboratories;
Tom Standage, business editor, The Econo­
mist (chairman); Vijay Vaitheeswaran,
health­care correspondent, The Economist;
Je… Weedman, vice­president of external
business development , Procter & Gamble.
The judging process was managed by
Charles Pelton of Modern M edia. 7

And the winners wereð

Innovation awards:Our annual prizes recognise successful innovators in
eight categories. Here are this year's winners

Mr Wikipedia was a winner



STEVE JOBS says Apple does not know
how to m ake a $500 comput er Œthat's

not a piece of junk•. Yet this article w as
w ritt en on a small comput er that costs less
than that‹an d barely a quarter of the price
of the Apple iMac that sits on the desk be­
side it. Small, cheap mini­not ebooks like
this, or Œnetbooks• as they have come to be
called, are not as fast or as capable as a big
comput er like an iM ac, and in perfor­
mance terms they trail behind mo st lap­
tops. But they are certainly not j unk, and
for some people they may be the best com­
puters money can buy.

Netbooks are a hot­selling consumer
product. The †rst to appear on the market,
a year or so ago, were aimed at children.
But now they ar e provin g popular not just
w ith families and †rst­time comput er buy­
ers but also with po wer users who w ant
somethin g small , lightweight and cheap.

They typ ically have screens measuring
seven to ten inches diagonally. They have
buil t­in wir eless networking , but lack an
optical drive for CDs or DVDs. Some use
‡ash memory for s torage instead of a hard
disk, which makes them more robust and
extends battery lif e. Netbooks generally
cost less than $500. IDC, a market­research
†rm, reckons worldwi de sales of netbooks
w ill r each 10.8m in 2008 and more than
20m in 2009, durin g which they will r epre­
sent 11­12% of the entire laptop market. 

Keep it sim ple
Most current models, includin g Samsung's
NC10, much of the A sus Eee range, the MSI
Wind and the Acer Aspire One, use Intel's
Atom as their central processor. This is the
chipmaker's smallest processor, designed
speci†cally for lo w­cost and portable de­
vices, not for in tensive number­crunching.
But because a lot of thin gs that people do
w ith computers, such as e­mail, wri ting
and w eb browsing , do not require fancy
graphics or lots of p rocessing power, net­
books can still be extremely useful. 

The number of netbooks availab le is
growin g as more producers pile into the
market (but not Apple‹a t least, not yet).
But if you ar e buyin g one, avoid the temp­

tation t o get the slickest, most powerful
machine available . Much advice on o…er
online suggests souping up the speci†ca­
tion of a ne tbook so it can run Mic rosoft's
Window s XP operating system, rather than
the free, open­source Linux system that is
o…ered as standard on many netbooks.

Yet increasing the speci†cation onl y
makes sense for people who want to run
(and to pay for) Window s and speci†c
Windows­based application s. The extra
hardwar e and softwar e costs start to push
the price of a netbook toward s that of a
standard laptop, which will in variabl y be
better because it has a bigger processor and
superior graphics. For many users, the ba­
sic, free softwar e shipped with a ne tbook
w ill be quite enough.

The most basic model of the A cer As­
pire One can be found for £179 in Britain
and around $300 in America. It simply
switc hes on and runs wi th the minim um
of fuss. It has 8 gigabytes (GB) of ‡ash stor­
age and 512 megabytes of RAM, which is a
bit puny. But that is perfectly adequate to
run the customised version of Lin ux th at
comes pre­installed on i t, along wi th a
suite of software, includin g Open Oˆce.
With no hard drive, and a switc h to turn o…
the wir eless connection (not the f astest in
the world), power can be conserved. So a
bigger, bulkier battery may not be neces­
sary either, unless you want to use the
comput er untethered for long period s. Be­

cause it boots up in a few seconds, rather
than thinkin g of the Acer as a mini laptop it
might make more sense to view it as a
beefed­up personal digital assistant, such
as an old PalmPilot or Psion, but wi th a bet­
ter screen and a proper keyboard.

But w hat about the lack of storage?
Again, the way the machine can be used
addresses this problem. First, netbooks are
designed to be used with the net, which is
where an increasing number of people
now store a lot of their stu…, such as e­mail,
videos and photos, and where people do
other w ork wi th online ap plication s. Sec­
ond, with three USBports it can alway s be
plugged into devices, such as a portable
hard drive, to store things locally. Storage
space can also be boosted by plugging a
small sd ­card ‡ash memory (16gb ver­
sions are now wi dely available) into one
of two port s, one of w hich is designated to
act as semi­permanent storage. 

As for the software, Open Oˆc e was
surprisingl y easy to use‹a d oddle for any­
one who has used Microsoft Oˆce . More­
over, the abili ty to save work in di…erent
formats presented no compatibili ty p ro­
blems when sending †les to a Windows­
based machine. Photo softwar e and other
application s were simp le to use too. The
machine is not up to much for p laying
games, but then a dedicated games con­
sole beats most computers when i t comes
to games anyway.

The Acer has a buil t­in w ebcam, which
makes it ideal for vi deo­calling services
such as Skype. Admittedly , installing third­
party softwar e can be a bit of a †ddle, and
some of the advice availab le online thr eat­
ens to lure users into the tangled depths of
the Linux un dergrowth, w here few people
w ill w ant to venture. But as netbooks be­
come more prevalent, such diˆc ulties are
likely to ease.

The upshot is that netbooks are great as
cheap, simp le and small computers for
performin g basic tasks‹especially if the
pre­installed softwar e does what you w ant
it to. They will ne ver satisfy power users
who want to edit vi deo and play elaborate
games, but they are not meant to. Provided
they do not expect too much, most users
w ill be deli ghted with them. 7

Small is beaut iful

Computing: Netbooks are small computers that are cheaper and lighter than
full­scale laptops. They have their merits‹but do not ask too much of them

The Economist Technology Quarterly December 6th2008 Rational consumer 9



10 Space solar power The Economist Technology Quarterly December 6th 2008

ŒREASON•, a short story wri tten by
Isaac Asimov that was published in

1941, is set on a space station w hich collects
solar energy from the sun and sends it, via
microwav e beams, to earth and other plan­
ets. The robots that control the beams are
under the command of a mor e advanced
model called Cutie, which turns out t o
have developed its own r eligion, and ig­
nores the wishes of two astronauts who
visit the station. As a solar storm approach­
es, the humans worry th at Cutie will be
unable to control the beam sending power
to earth, causing it to fall on ci ties and in­
cinerate them. But in the event, the robot's
religious yearning to keep the power ‡ow­
ing means that no harm is done. The mor­
al: actions matter more than beliefs.

Today it is not j ust robots in science­†c­
tion tales who are believers in the wonders
of space solar power (SSp); the idea also
has a small but growin g number of human
adherents. The basic idea is simple . Light
from the sun is the most abundant and
cleanest source of energy availab le in the
solar system. Around the clock, 1.3 giga­
watts of energy pour thr ough every square
kilometr e of space around the earth. This
energy could be captured by vast arrays of
photovolt aic cells mounted on a satellite in
orbi t around the planet. These solar cells
would be ill uminat ed at all times of day,
whatever the weather or the season, over­
comin g one of the main drawbacks of so­
lar power on the earth's surface. And wi th
no atmosphere in the way to absorb or

scatter the incomin g sunlight , solar panels
in space would produce over †ve times as
much energy as those on the ground.
(Some proposals for SSPinvolv e large ar­
rays of mirr ors or lenses to concentrate the
light onto a smaller array of p anels.)

The logical place to put the satellite
would be in a geostationary orbit , 35,800
kilometr es above the earth's equator, so
that it completes one circuit of the p lanet
per day, and thus appears (from the
ground) to hover in a †xed place in the sky,
like the communication s satellites used to
broadcast television signals. The solar­
pow er satellite would send the collected
energy down to earth in the form of a mi­
crowav e beam, which w ould be picked up
on the ground by a huge array of an tennae,
spread over several square kilometres in
open country. The power density of the
beam at the receiver would be little greater
than what leaks out from a domestic mi­
crowav e oven, so there would be no dan­

Let the sun shine in

Energy:Satellites that beam solar power to earth have often appeared in
science †ction. Will they ever become reality? 

1
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ger of incinerating entire cities. Microwave
communication s links are already used in
the telecoms industry wi thout doing any
harm to wil dlife.

The concept of beaming gigawatts of
solar power down f rom space was †rst put
on a sound scienti†c footing by Peter Gla­
ser of Arthur D . Little, a consultancy, in
1968. He buil t on the research of W illiam
Brown of R aytheon, an American defence
†rm, who p ioneered the transmission of
electric power by microwav e beams. Since
the oil shocks of the early 1970s, the idea
has been dusted o… and re­evaluated ev­
ery t en years or so by America's Depart­
ment of Energy, its space agency, NASA,
and big aerospace companies such as
Lockheed Martin and Boeing.

These studies usually conclude that
there is no technical barrier to imp lement­
ing SSP. For example, a study published in
1981 by the Department of Energy, NASA,
the Environment al Protection A gency and
the Department of Commerce found Œno
show­stoppers• or Œinsurmountab le ob­
stacles• to the idea. But further develop­
ment w ork has alway s fallen betw een the
cracks of di…erent agencies. ŒThe trouble is
that the Department of Energy doesn't do
space, and NASA does space, not energy,•
says Colonel M.V. (ŒCoyote•) Smith of the
National Securi ty Space Oˆc e (NSSO), a
Pentagon think­t ank, who recently con­
ducted another study of SSP. 

Although there may not be any t echni­
cal diˆc ulty wi th the idea, the economics
are another matter. The main obstacle to
SSP is the huge cost of l aunching the satel­
lites into space. Convention al electrici ty in
America costs betw een four cents per kilo­
watt hour (k Wh) for hydro­electric power
(the cheapest kind) and ten cents for coal­
†red generation. Even under the most opti­
mistic scenario, SSP woul d produce elec­
trici ty at a cost of around 50 cents per kWh
w ith existin g technology. It sounds hope­
less. Yet recent development s mean that
advocates of SSP are more optimis tic than
ever before.

Bridgin g the gap
These development s were not so much
technological as geopolitical. The NSSO's
recent evaluation of SSP, published in
2007, took a more favourable view of the
idea than any previou s assessment. Colo­
nel Smith admit s that he was sceptical
about the idea at †rst. But he concluded
that the Department of Defence was Œa po­
tential anchor­tenant customer of space­
based solar power•, because SSPcould
provi de a much cheaper alternativ e to ex­

isting energy supplies.
The armed forces are America's single

greatest consumer of oil. The Department
of Defence delivers 1.6m gallons (7.3m li­
tres) of fuel a d ay‹accountin g for 70% by
weight of all supplies delivered‹t o its
forces in Iraq alone, at a delivered cost per
gallon of $5­20. It also spends over $1 per
kWh on electric power (ten times the do­
mestic civili an price) in battle zones, be­
cause electrici ty m ust often be provided
using generators that run on f ossil f uels.

If some of this fuel c ould be replaced by
pow er beamed down f rom space, it could
cut costs and reduce the need for complex
and vulner able supply lines, the NSSO re­
port argues. It could be used to power elec­
tric vehicles, along with r adar stations and
other pieces of equipmen t that currently
rely on electrical power from generators.
(The study di smisses the notion that the
Pentagon mi ght be interested in SSP as a
means of beaming death rays down on en­
emies: it points out that the beam is no­
where near powerf ul enough to present a
plausible alternativ e to convention al mis­
siles and other w eapons.)

Getting SSP o… the ground will r equire
the involvemen t of the p rivat e sector, the
study observes, but privat e †rms are un­

likely to act wi thout a demonstration p ro­
ject to con†rm the vi abili ty of the scheme.
The NSSO estimates that this w ould cost $8
billion­10 billion , and suggests that it could
be funded by a consortium involving
America and its allies‹such as Canada, Ja­
pan, the European Union or A ustralia, all
of w hich have shown in terest in SSP in the
past. In the meantime, NASA is evaluating
the possibility of an experimen t involving
the International Space Station.

SSPwas one of the original projects in
Japan's ŒNew Sunshine Plan• for r enew­
able­energy development after the †rst oil
shock of the 1970s. India is interested be­
cause it has a huge problem buildin g a grid
that serves the more remote parts of the
subcontinen t and su…ers chronic black­
outs. Canada thinks solar power could be
used to process the †lthy tar­sands depos­
its of Alberta. Shell, an oil company, has de­
veloped a process for re†ning the dirty t ar
underground, so that all th at comes out is
relatively clean oil. But the process needs
lots of energy, and the government has
ruled out the use of nuclear power.

The optimis tic NSSO report was fol­
low ed in May 2008 by a milestone for SSP,
w ith the transmission of a mic rowave
beam, of the kin d that w ould be used to
transmit energy to Earth, betw een two Ha­
waiian islands 148 kilometres apart. The
distance was chosen because it is equiva­
lent to the thickness of the atmosphere
that a microwav e beam from space must
penetrate. The experimen t was carried out
by American and Japanese researchers in
only four mon ths, and for less than $1m,
under the direction of John M ankins of
Managed Energy Technologies, a †rm he
founded after a long career developing
space systems at NASA. The experiment
was sponsored by Discovery Communica­
tions, a TVcompany, for a documentary.

Announcin g his results, Mr Mankins
said that w hat was needed next was a two­
year engineering study of a full SSPsys­
tem, coverin g everythin g from the launch
vehicles to the ground receivers. Such a
study has not been carried out since the
1980s, and technology has since changed
radically. With that done, at a cost of about
$100m, the next step would be to develop
the necessary architecture to make SSP
economically vi able, and to test it in lo w­
Earth orbit. Mr M ankins thinks this could
be done by 2015, at a cost of less than $1bil­
lion. Af ter that, a full p ilot system could be
deployed in geostationary orbit , at a cost of
$10 billion , and commercial operation
could begin by 2025.

There is no doubt that SSP has become 

Space solar power is an idea far ahead of its time,
but the necessary technology already exists.
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2 far more practical since engineers began
evaluatin g it in any detail. Since 1977 the ef­
†ciency of solar cells has increased from
around 10% to over 40%, and that of soli d­
state ampli†ers from 20% to over 80%.
New li ghtweight composite materials
have been developed. Most strikin g of all
have been the advances in computin g and
robotics, as demonstrated by the presence
of several semi­autonomou s rovers on the
surface of Mars. An SSP system need not be
constructed by astronauts workin g in an
orbitin g factory, as was originally as­
sumed, but could be a self­assembling sys­
tem made up of lots of small parts.

Enter the space entrepreneurs
But there is one area where there has been
much less progress, and it remains SSP's
Achilles heel: the cost of access to space.
For i ts †rst half­century, since the launch of
Sputnik in 1957, space has been largely the
provinc e of governments, for w hich pres­
tige and strategic clout (mili tary rockets) of­
ten matter more than cost. But the growth
of communication s and other services de­
livered by satellite has spawned a com­
mercial space industry around the w orld.

George Nield of the O ˆc e of Commer­
cial Space Transportation at the Federal
Aviation Administra tion (FAA) points out
that the commercial space business, in­
cludin g its suppliers, accounted for over
$139 billion in economic ac tivi ty in
2006‹up f rom $61billion in 1999. (This cov­
ers everythin g from making launch vehi­
cles and spacecraft to satellite­navigation
systems for cars and boats.)

As the industry develops, interest is
growin g in making cheaper launch vehi­
cles, not least for space tourism, starting
w ith sub­orbital projects. According to the

FAA there are about 18 companies in­
volved in developin g low­cost launchers.
Most (such as Blue Origin , a company
founded by Je… Bezos, an internet tycoon,
who is buildin g a spacecraft at a ranch in
Texas) are keeping a low pro†le for the mo­
ment. The notable exceptions are Virgin
Galactic, founded by Sir Richard Branson,
a British entrepreneur intent on taking his
aged parents for a holi day in space before
too long, and SpaceX, founded by Elon
Musk, another internet million aire.

SpaceX's Falcon 1 rocket successfully
reached orbit at the fourth a ttempt in Sep­
tember 2008, becomin g the †rst privately
funded, liquid­fuelled rocket to do so. The
company is developin g a much larger rock­
et, Falcon 9, which will be a ble to carry pay­
loads of up to 12 tonnes into orbit (com­
pared wi th a few h undred kilograms for
Falcon 1). SpaceX is one of two companies
chosen by NASA to develop crew an d car­
go resupply systems for the space station. It
has also been contracted to launch satel­
lites for a number of government and com­
mercial clients.

Mr Musk thinks hi s non­bureaucratic,
low­cost approach could reduce the cost of
launching payloads into low­earth orbit
from around $6,000­10,000 per kilo gram
today to around $3,000 with Falcon 9, and
eventuall y (by reusing more of each
launcher) to around $1,000. Mr Musk has
his eye on manned missions to Mars,
among other things, but much lower
launch costs would also have the side­ef­
fect of m aking SSP more viable. The NSSO
estimates that a launch cost of $440 per ki­
logram, for example, would reduce the cost
per kWh to betw een eight and ten cents.

One company with a speci†c p lan for
SSP is Space Island Group, based in Califor­

nia. Its novel scheme involv es using the
technology that has already been devel­
oped by NASA for the space shuttle to
buil d orbitin g space­stations out of the
empty fuel t anks that are usually di scarded
when the shuttle reaches orbit. Space Is­
land's plan is to launch several of these
tanks, convert them in to livin g quarters
and rent them out. Gene Meyers, the boss
of Space Island, says it has identi†ed 200
companies and 300 university research
groups which w ould be interested in rent­
ing facilities at its proposed rates; there
would also be opportuni ties for space tou­
rism. The resulting revenues, the company
says, would cover the cost of l aunching the
components for a large SSP system, piggy­
backed onto each fuel tank. It sounds rath­
er far­fetched‹bu t the same was true of Mr
Musk's plans just †ve years ago, before he
had launched a single rocket. That is an in­
dication of how q uickly thin gs can change
in the commercial space industry.

When Mi tsubishi Electric started look­
ing at solar power in Japan it, too, was
thinkin g along the lines of launching giant
structures and assembling them in space.
After a while it b alked at the diˆc ulty and
cost of th at route, and in recent years it has
been concentrating on the idea of launch­
ing squadrons of small satellites orbitin g in
formation. Mi tsubishi Electric has contin­
ued to invest in SSP research, and Japan's
space agency, JAXA, is also taking the idea
seriously, with talk of a w orkin g system in
orbi t by 2030.

If today's gloomy economic conditions
make SSP seem even more outlandish, it is
worth remembering that America's com­
mercial­aviation in dustry w as born in the
midst of the Depression. The 1930s wit­
nessed the formation of aerospace compa­
nies such as Grumm an and Hughes, the
launch of airlines such as American and
United and the birth of the Dou glas DC­3‹
the workhor se of the pre­jet age, which is
still going in some corners of the w orld. 

Space solar power is still an i dea far
ahead of i ts time. But the necessary tech­
nology already exists and is gradually fall­
ing in cost. The commercialisation of
space‹an d, in particular, the enthusiasm
buildin g around space tourism‹coul d be
the trend that brings down l aunch costs
and brings SSP wi thin r each. It will t ake en­
trepreneurs as well as engineers to kick­
start the public­privat e process needed to
tap the energy of the great fusion reactor in
the sky. Lots of people believe it can be
done. But as Cutie the robot demonstrated,
what you believe matters less than what
you actually do. 7

Ahigh­‡ying construction project



AS RUSSIAN tanks rolled into Georgia in
August, another force was also mobi­

lising‹not in the p hysical w orld, but on­
line. Russian nationalists (or indeed any­
one else) who wi shed to take part in the
attack on Georgia could do so from any­
where wi th an in ternet connection, simply
by vi siting one of several pro­Russia web­
sites and downloadin g the softwar e and
instructions needed to perform a Œdistri­
buted denial of service• (DDoS) attack.
This involv es sending a ‡ood of bogus re­
quests to an internet server, so that it i s
overw helmed by the demand and be­
comes unusable.

One website, called StopGeorgia, pro­
vided a utili ty called DoSHTTP, plus a
handy li st of t arget w ebsites, including
those of Georgian government agencies
and the British and American embassies in
the capital, Tbilis i. Launchin g an attack
was as simp le as entering the address and
clickin g a button labelled ŒStart Flood•.
The StopGeorgia website helpfull y in di­
cated which target sites were still active
and w hich had collapsed under the weight
of bogus requests. Other websites ex­
plained how to wri te simp le programs to
send a ‡ood of requests, or o…ered special­
ly formatted webpages that could be set to
reload themselves continuously , deluging
particular Georgian websites with tr aˆc.

The actual damage done was minim al:
some e­mail was disrupted and some tar­
get sites were rendered unavailable to the
public. The cyberattacks on Estonia in
2007, also launched from Russia, were
more e…ective because Estonia's govern­
ment relies far more heavily on the in ter­
net (its parliament declared internet access
a human right in 2000). They brie‡y upset
the operations of some government orga­
nisations, includin g telephone access to
the emergency services. 

There is no conclusive evidence that ei­
ther set of attacks was executed or sanc­
tioned by the Russian government‹
though there is no evidence that it tried t o
stop them, either. Ethan Zuckerman, an in­

ternet expert at Harvard, has described the
plethora of competin g theories as Œthe fog
of cyberw ar•. And in the Georgian case
volunt eer cyberwarriors‹dub bed Œa citi­
zen DDoS army• by Artem D inaburg of
Damballa, a cybersecurity start­up‹were
also involv ed. Does any of this really count
as an act of war? The Estonian and Geor­
gian cyberattacks have put to the test a host
of theories about cyberwarfare : how to de­
†ne it; whether to engage in it; and how t o
defend against it.

A de†ni tion of w ar
The discussion of cyberattacks and cyber­
warfare is complicated by wi despread dis­
agreement over how t o de†ne these terms.
Many cyberattacks are really examples of
vandalism or hooli ganism, observes Bruce
Schneier, a securi ty guru who w orks for
BT, a British telecoms operator. A cyberat­
tack on a power station or an emergency­
services call centre could be an act of war
or of t errorism, depending on who carries
it out and w hat their moti ves are.

For a cyberattack to qualif y as Œcyber­
war•, some observers argue, it must take
place alongside actual mili tary operations.
Tryin g to disrupt enemy communications
durin g con‡ict is, after all, a practice that
goes back to the earliest telecommunica­
tions technology, the telegraph. In 1862, for
example, durin g the American Civil W ar, a
landing party f rom Thomas Freeborn, a
Union n avy steamer, went ashore to cut

the telegraph lines betw een Fred­
ericksburg and Richmond. The
Russian navy p ioneered the use
of radio jammin g in the Russo­
Japanese war of 1905. On this
view, cyberattacks on infrastruc­
ture are the next logical step. The
attacks on Georgia might qualify
as cyberwarfar e by thi s de†ni­

tion, but those on Estonia would
not, since there was no accompany­

ing mili tary o…ensive in the real
world. As Mr Schneier puts it: ŒFor it t o

be cyberwar , it must †rst be war.•
Not everyone agrees. For years there

has been talk of a Œdigital Pearl Har­
bour•‹an une xpected attack on a nation's
infrastructur e via the internet, in w hich
pow er stations are shut down , air­traˆc
control is sabotaged and telecoms net­
works are disabled. There have even been
suggestions that future wars could be
waged in cyberspace, displacing conven­
tional mili tary operations altogether. Why
bomb your enemy's po wer­stations or
stockmarkets if you can disable them wi th
software ? So far there have been no suc­
cessful attacks of thi s type, but that does
not stop people worryin g about them‹or
speculating about how to l aunch them.

The strongest de†nition of c yberw ar re­
quires that cyberattacks cause widespread
harm, rather than mere inconvenience.
The Georgian attacks did not cause physi­
cal harm, unlike the mili tary operations
going on at the same time.

Such de†nitions matter because cyber­
vandalism or cyberhooliganis m are forms
of cybercrime, which (in theory at le ast) is
dealt with by v arious national and interna­
tional law­enforcement agencies accord­
ing to existin g legal conventions , such as
the Council of Europe Convention on Cy­
bercrime. A privat e individu al in Russia
who defaces an Estonian website ought to
be treated in a simil ar fashion t o his neigh­
bour w ho travels to Tallinn , breaks a shop
w indow an d goes into hiding in Russia‹
though identifyin g a cyberattacker is far
from easy and after the attacks in 2007 the
Russian authori ties refused to co­operate
w ith Estonian investigators.

Such was the intensity of the a ttacks on
Estonian websites, however, that the coun­
try's defence minister, Jaak Aaviksoo,
warned that the action Œcannot be treated
as hooliganism, but has to be treated as an
attack against the state•. But treating the at­
tacks as acts of war w ould mean applying
a di…erent set of rules, presenting a new
challenge to policymakers.

All sorts of Œtranslation p roblems• arise

Marching o… 
t o cyberwar
The internet:Attacks launched over
the internet on Estonia and Georgia
highlight the diˆculty of de†ning
and dealing with Œcyberwar•
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2 when tryin g to apply existin g internation­
al rules relating to terrorism and w arfare to
online attacks, says Duncan Holli s, a pro­
fessor of law at Temple University in Penn­
sylvani a. The United Nations Charter pro­
hibit s the use of force except w hen
authori sed by the Securi ty Council , for ex­
ample, but does not spell out what counts
as Œthe use of force• in cyberspace. Do
DDoSattacks count? Perhaps not if aimed
at a newspaper website, but w hat about an
air­traˆc c ontrol system?

Agreement on a de†nition i s needed,
says Mr Holli s, because under internation­
al law a country th at considers itself the
victim of an act of war h as the right to self­
defence‹wi th convention al mili tary (not
merely electronic) means. And members
of an alli ance with m utual­defence obliga­
tions, such as NATO, may be duty­bound
to respond to an attack on any of their
members. So the cyberattack on Estonia, a
NATO member, could in theory h ave
prompt ed a mili tary response. To grapple
w ith questions like these, and to bring to­
gether a group of experts in Œcyberde­
fence•, NATO has set up a research centre
in Tallinn , which is already open but will
be formall y in augurated in 2009.

Mr Hollis poin ts out that the debate
about how best to classify cyberattacks has
much in common wi th the debate about
terrorism. Should terrorism be treated as a
crime, as an act of w ar, as both at once, or
as somethin g entirely di…erent that re­
quires new laws? He favours this last ap­
proach for cyberattacks because it avoids
the translation p roblems that arise when
applyin g existin g rules to such attacks, and
because those rules are themselves some­
what outdated, given that attacks (in the
real w orld and online ) may come from
non­state actors such as terrorist groups.
Mr Holli s proposes a new Œinternational
law for inf ormation operations• to allevi­
ate the uncertainty. He concedes that there
is unlikely to be international consensus in

this area soon, but argues that it w ould be a
big step in the right direction if a gr oup of
states such as NATO, or the OECD club of
industriali sed nations, agreed to be bound
by a clear set of rules.

What e…ect such co­operation w ould
have on containin g anonymou s and unof­
†cial cyberwarrior s is hard to say; the †ght
against real­worl d terrorism does not o…er
much hope. And it is attacks from such
groups that some researchers are most
worried about. John Robb, a mili tary futur­
ist, calls the spontaneous, bottom­up mo­
bilisation of v olunt eer cyberattackers in
the Georgian con‡ict an example of
Œopen­source cyberwarfare•.

This approach has several advantages
over centralised, state­directed cyber­
attacks, he says. Leaving the attacks to in­
formal cybergangs (the extent of the Rus­
sian state's involvemen t remains unclear),
rather than trying to or ganise a formal
cyberarmy, is cheaper, for one thin g. The
most talented attackers, with the best tools,
might not w ant to w ork for the state di­
rectly. Best of all, f rom the state's point of
view, is that it can deny responsibili ty for
the attacks. It is the online equivalen t of
the use, by some governments, of gangs
and mili tias to carry out attacks on poli ti­
cal opponents or maintain control in p ar­
ticular regions.

Send in the bo tnet
There is no consensus among conven­
tional mili tary types about how t o deal
w ith such cyberattackers. Writin g in
Armed Forces Journal in M ay, Colonel
Charles Williamson , of the in telligence
and surveillanc e division of Americ a's air
force, proposed that the Uni ted States
should establish its own Œbotnet•‹a ne t­
work of m achines Œthat can direct such
massive amounts of traˆc to t arget com­
puters that they can no longer communi­
cate and become no more useful to our ad­
versaries than hunks of metal and plastic.•

America, he wrote, Œneeds the abili ty to
carpet­bomb in cyberspace to create the
deterrent we l ack.• The botnet could be
buil t out of obsolete computers that w ould
otherwi se be discarded, he suggested. But
he conceded that there would be legal and
political diˆc ulties associated with i ts use.

Mr Robb is sceptical of the abili ty of f or­
mal mili tary organisations to wage cyber­
warfare. ŒA few t op people wi th the ri ght
tools can do the work of thou sands of less
capable people, so it's better not to waste
the money on 40,000 uniformed per son­
nel dedicated to a bureaucratic and lethar­
gic cyber command,• he says. And after an
attack from an inf ormal , self­organised
group, there is no clear target to strike in
any case. It may make more sense for exist­
ing mili tary bodies to concentrate on de­
fence, by identifyin g the most vulner able
parts and w orkin g out how t o protect
them. ŒAnythin g they can do to us, we
should be able to counter faster‹tha t's the
appropriat e deterrence paradigm for thi s
cyberage,• says Thomas Barnett, a mili tary
strategist at Enterra Solutions, a technol­
ogy †rm. ŒWe should concentrate on mak­
ing ourselves resilient.•

One way for government s to do this,
says Richard Bejtlich, a former di gital­secu­
rity oˆcer wi th the Uni ted States Air Force
who now w orks at GE, an American con­
glomerate, might be to make greater use of
open­source software, the underlying
source code of which is availab le to any­
one to inspect and imp rove. To those out­
side the †eld of comput er security, and
particularl y to government types, the idea
that such softwar e can be more secure
than code that is kept under lock and key
can be diˆc ult to accept. But from w eb­
browsers to operating systems to encryp­
tion algorithms, the more people can scru­
tini se a piece of code, the more likely it i s
that its weak spots will be f ound and †xed.
It may be that open­source defence is the
best preparation for o pen­source attack. 7

The United Nations Charter does not spell out what
counts as Œthe use of force• in cyberspace.
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OLD­FASHIONED win dmills , no lon­
ger used to grind ‡our, have become

tourist destination s in much of the devel­
oped world. Most people would agree that
wooden win dmill s †t pleasingly in to the
landscape, and are charmin g reminders of
asimpler, agrarian past. But opinion i s
divi ded about their hi gh­tech descen­
dants, wind tur bines, which are springing
up across the world as a source of renew­
able electricity. To some they are a blight
on the landscape; to others they are grace­
ful, majestic structures that signal the shift
toward s new sources of energy.

The †rst wind f arms sprouted in Cali­
fornia in the early 1980s, bene†ciaries of
generous tax credits. Among the rolling
hill s of Al tamont Pass, near San Francisco
Bay, some early tur bines can still be seen
spinning , turning a portion of the win d's
kinetic energy into electricity. With capaci­
ty of mere t ens of kilo watt s and a rotor
diameter of 15 metres or so, these wind­
mill s are no giants, at least by t oday's
standards. New m achines typically have a
capacity of 1.5­2.5 megawatt s (MW ), or 30
to 50 times that of the early Al tamont Pass
turbines, with r otor diameters as great as
100 metres, so that their b lades sweep an
area about the size of a football †eld.

The win d­power industry h as come a
long way since the †rst Al tamont Pass
turbines started to spin. Al though win d
generates only about 1% of all electricity
globally , it provi des a respectable portion
in several European countries: 20% in

Denmark, 10% in Spain and about 7% in
Germany. Wind power is also on the rise
in America, where capacity jumped b y
45% last year to reach nearly 17 gigawatts
(GW) at the end of 2007. In China the pace
has been faster still. Since the end of 2004,
the country h as nearly doubled its capaci­
ty every year. Globally , wind po wer in­
stallation s are expected to triple f rom
94GW at the end of 2007 to nearly 290GW
in 2012, according to BTM Consult, a Dan­
ish market­research †rm. They will then
account for 2.7% of world electrici ty gener­
ation , the company predicts, and by 2017
their share could be nearly 6%.

Wind power is attractiv e because it is a
w idely availab le and renewable source of
energy that produces neither pollution
nor climate­changing greenhouse gases.
Once the turbines have been installed, the
only Œfuel• they need is the wind. And
global wind r esources are so vast that they
could easily meet the world's current
energy needs, at least in theory. A ccording
to a study by r esearchers at Stanford Uni­
versity, global win d­energy potential in
2000 w as about 72,000GW‹nearl y †ve

times the world's total energy demand.
What is more, the technology needed

to tap into this source of energy is getting
cheaper: the cost of generating electricity
from wind po wer has fallen from as much
as 30 cents per kilowatt hour in the e arly
1980s to around ten cents in 2007. Various
incentives, in the form of tax c redits and
feed­in tari…s, mean that wind po wer is
already cost­competitive with electricity
derived from natural gas and even coal in
many markets. With a tax of $30 per tonne
of carbon dioxide, says Maria Sicilia of the
Internation al Energy Agency (IEA), elec­
trici ty p roduced from wind c ould com­
pete with f ossil f uels in most markets even
w ithou t subsidies.

Even wi thout a price on carbon emis­
sions, the growth of wind po wer is likely
to continue . To combat climat e change, the
European Union h as set itself the goal of
derivin g 20% of its energy from renewable
sources by 2020, with a l arge portion
comin g from wind po wer. In America, a
recent report by the Department of Energy
laid out a plan to reach 20% wind power
by 2030. And these ambition s may be
dwarf ed by Asia, which seems likely to
become the biggest market for new win d
installation s within † ve years.

The rush to erect wind tur bines has
†lled manufacturers' order­books for the
next year or tw o. But there are diˆc ulties
ahead. The wind does not b low all the
time, and when it d oes, it often blow s far
away f rom cities that need electricity. For
w ind to contin ue its remarkable expan­
sion, the industry will need to b uil d new
transmission lines and imp rove the in­
tegration of wind po wer into the grid. And
because it is still dependent on subsidies,
the industry r emains vulnerable to the
risk that incentives might suddenly be cut
o… (at least until a p rice is imposed on
carbon emissions). In addition , some
people remain to be convinc ed that win d
farms make good neighbours.

W hy the wind b lows
When sunligh t heats the Earth, it also
heats the atmosphere. As hot air rises,
cooler, heavier air ru shes in to †ll i ts
place‹thu s creating wind. For more th an
2,000 years people have captured this
energy with win dmill s and used it to do
useful thin gs, such as grind grain or pump
water. By the late 19th century, win dmills
were also being used to produce electric­
ity, mostly in rural ar eas.

Compared with tr adition al win dmills,
however, modern wind tur bines are far
more eˆcient. Their r otors are pointed 

Wind of 
change

Energy:Wind power has established
itself as an important source of
renewable energy in the past three
decades. The basic idea is ancient,
but its modern incarnation adds
many new high­tech twists
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into the wind under c omput er control,
and their b lades exploi t the phenomenon
of aerodyn amic Œlift• that keeps aero­
planes in the air. Turbine blades are
shaped like aerofoils , with one side
curved and the other almost ‡at. This
shape causes the air to ‡ow more quickly
over the curved side than the ‡at side, and
the fast­moving air results in an area of
low p ressure on the curved side of the
blade, which causes the blade to move
and the rotor to turn. The blades are at­
tached to a rotor hub, which is in turn
connected to a drive shaft. But this shaft
spins quite slowly , so a gearbox is used to
get the drive shaft to turn a second shaft at
amuch higher speed, suitable for spinning
agenerator to produce electricity. In a
w ind farm, the electrici ty f rom multiple
turbines is collected and fed in to the grid.

Modern wind po wer got started after
the †rst oil crisis in 1973, when countries
began to look for w ays to generate energy
from sources other than fossil f uels. Den­
mark, which was almost entirely depen­
dent on foreign oil for i ts electricity, was
hit particularl y hard. But it had one abun­
dant potential energy resource: wind. So,
in the mid­1970s, the country embarked
upon an ambitiou s research project to
develop the technology.

America also began research on win d
turbines. With fundin g from the govern­
ment, large organisations such as Boeing,
an aerospace giant, and NASA, America's
space agency, began designing large,
multi­megawatt machines. Because bigger
machines with l arger rotors sweep a larger
area, they can collect more energy from
the wind. But many of these big turbines
were expensive to operate and maintain.

Entrepreneurs and start­ups also began
tinkerin g with designs that appeared on

the American market in the l ate 1970s and
early 1980s. Those machines were much
smaller, and there was a wide variety of
them, includin g models with tw o­bladed
rotors spinnin g about a horizontal axis,
and vertical­axis machines. The Danes
also experiment ed with di…erent designs,
but by the early 1980s a standard Danish
architecture had emerged: the three­blad­
ed, horizontal­axis, upwin d machine.

Many of the early tur bines had draw­
backs. ŒThe vertical­axis machines were
not as aerodynamicall y eˆcient as the
horizontal­axis machines, so they had to
sweep out more area to capture the same
amount of power and energy,• notes
Sandy Butter†eld, chief engineer at the
National Wind Technology Center in
Colorado. (Vertical­axis designs are better
at coping with v ariation s in wind dir ec­
tion, but their b lades are movin g against
the wind half the time.) T wo­bla ded rotors
also had some disadvantages. Because
they are not as dynamicall y balanced as
three­bladed rotors, they are harder to
design. They also typ ically spin faster to
extract a simil ar amount of energy as
three­bladed designs, which makes them
noisier. And people prefer the look of
three­bladed rotors.

The main di…erence betw een the
American and the Danish designs was
that the American m achines were struc­
turally softer. ŒAmerican designs were
typicall y in tended to bend with the
w ind,• explain s Robert Poore of DNV
Global Energy Concepts, a consultancy
based in Seattle. Danish machines, by
contrast, tended to be rigid and w eighed
about twice as much. In the early days
engineers knew little a bout the impact of
‡uctuating win ds on turbine structures,
and the softer American designs tended to
come apart under heavy lo ads. 

Even though the technology was in its
early stages, Californi a installed more
than 1.2GW of wind po wer, then almost
90% of global capacity, in the †rst half of
the 1980s‹an era th at has come to be
known as the great Œwind rush•. The rush
was driven by a combina tion of f ederal
tax credits and generous state incentives
for wind po wer. Previously, wind tur bines
had been installed as single machines or
in small clusters. But durin g the boom,
turbines began to be installed in l arge
arrays, or Œwind farms•. When the tax
credits expir ed in the mid­1980s, however,
America's win d­power industry came to a
grindin g halt. Many companies went
bankrupt , and even some of the Danish
†rms, such as Vestas, fell on h ard times,

because they had come to rely on exports
to Californi a. But the Danish three­bladed
design had emerged as the industry stan­
dard‹thoug h much w ork remained to be
done to optimi se the machines.

In the early days, wind tur bines operat­
ed only at †xed speeds. If the wind be­
came too strong, a simp le mechanism
prevented the blades and rotor from turn­
ing any faster. A limi tation of this des ign
was that the rotor had to be able to cope
w ith wind ‡ uctuations wi thout being
able to adjust its speed, puttin g enormous
stresses on the blades and drivetrain. And
to start with, kno wledge about the impact
of gusts on turbines was limi ted. To cope
w ith the uncertainty, Danish engineers
designed turbines conservatively, making
them very heavy for their s ize.

Spin d octoring
Over the years, however, scientists at
Denmark's Risø National Laboratory and
other research institution s conducted tests
which helped them develop mathemati­
cal models that could predict how the
components would be a…ected by stretch­
ing, bending and vibration. This enabled
engineers to optimi se the machines and
reduce their w eight. By the late 1980s
components started to become much
lighter, allowin g companies to scale up
their turbines while k eeping weight gain
to a minim um.

Around the same time, researchers also
started developin g ways to manage and
reduce the e…ect of gusts. Turbines
equipped with v ariable Œpitch• could
adjust the angle of their b lades and limi t
the force with w hich the wind w as able to
act on the rotor and the dri vetrain , reduc­
ing wear and tear. This system worked
even better in conjunction with v ariable­
speed turbines, which w ere developed in
the early 1990s. Such machines operate at 

Where the turbines are
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high eˆciency o ver a wider range of win d
speeds, convertin g more of the win d's
kinetic energy into electrici ty and allo w­
ing the rotor to adjust its speed to that of
the wind, th us further reducing the impact
of gusts on turbine structures.

All these advances have allowed
manufacturers to produce ever­larger
machines and to buil d turbines wi th
longer blades for a given output rating.
This has several bene†ts. Since longer
blades sweep a larger area and capture
more energy from the wind, the tur bine
produces its rated amount of po wer at
low er wind s peeds, and will ther efore run
at its rated power a higher percentage of
the time. And because the drivetrain does
not have to be scaled up, the turbine gen­
erates more energy for a given cost.

Today's machines extract around 50%
of the kinetic energy in the win d‹clo se to
the theoretical limit of 59%. However, the
scaling up of machines and their compo­
nents has also caused problems, in partic­
ular with g earboxes, which are exposed to
lots of vi bration s and movements inside
the turbines, explain s Flemmin g Rasmus­
sen, head of aeroelastic design at Risø's
Wind Energy Department. Enercon, a
German †rm, has developed a Œdirect­
driv e• system with a generator that can
operate at low rotational speeds and does
not require a gearbox. The problem wi th
that approach is that such generators are
very heavy, and tend to be more expen­
sive. The jury is still out on w hether thi s
approach is superior, industry in siders say.

Size is everything
Despite some diˆc ulties in transporting,
deployin g and maintainin g large turbines,
the industry still belie ves that bigger is
better. Onshore machines are creeping up
to about 3MW in capacity, and some
o…shore turbines on the drawin g board
are more than twice as powerf ul. Clipper
Windpower , for example, is buildin g a
7.5MW prototype that may turn in to a
10MW machine once it reaches commer­
cial production. ŒWhen you've spent the
money to put in a very expensive founda­
tion in the seabed, it pays to put the largest
piece of equipmen t on top of it w hich you
possibly can,• notes Mr Butter†eld.

O…shore installations cost around 40%
more than onshore ones, which is one
reason why only a bout 1% of wind po wer
is generated o…shore at the moment. But
Robert Thresher, win d­research fellow at
America's National Renewable Energy
Laboratory, believes o…shore wind h as
huge potential. Its capacity is expected to

increase from
1.1GW in 2007
to 8.2GW in 2012. 

If carefully
chosen, o…shore
sites can o…er higher
w ind speeds and less
variation. O…shore farms
can be positioned near
densely populated areas
where power is needed. They
can also be positioned so that they
can barely be seen from land and
cannot be heard, which may spark
less opposition. (In America m any
proposed o…shore projects have run
into resistance from locals who do not
want turbines to clutt er up the hori zon,
but in Europe about 20 o…shore farms
are already operating and many more
are planned.) This could set the stage
for a comeback by noi sier tw o­bladed
designs. According to studies at Risø,
two­bla ded designs could be about
15% cheaper than equivalen t three­
bladed turbines.

Wind power has made great
progress, but the industry f aces
new growin g pains. ŒBefore it
was a one­front war: we h ad
to improve the technology,•
explain s Dr Thresher. Now
that turbines have evolved
into sophisticated ma­
chines with el aborate
control systems, new
problems have come
into view be yond
simpl y imp rovin g their perfor­
mance. One of these is the need
to win gr eater public acceptance
for the technology. As well as
complainin g that wind tur bines spoil
the view or m ake too much noise,
opponents of wind tur bines also wor­
ry about the danger they pose to birds.
(Proponents respond that many more
birds are killed annually by cats, vehi­
cles and buildings.)

But perhaps the greatest obstacle to
the wider adoption of wind po wer is
the need to overhaul the power grid to
accommodate it. Transmittin g win d
pow er from rural ar eas with strong
w inds to populated areas with hi gh
demand will r equire expensive new
transmission lines. In addition , the
pow er grid must become more ‡exible,
though some progress has already been
made. ŒAlthough wind is v ariable, it is
also very predictable,• explain s An­
drew Garrad, the boss of Garrad Has­

san, a consultancy in Bristol , England.
Wind availabili ty can now be f orecast
over a 24­hour period with a r easonable
degree of accuracy, making it possible to
schedule wind po wer, much like conven­
tional power sources.

Still , unlike electrici ty f rom traditional
sources, wind po wer is not alway s avail­
able on demand. As a result, grid operators
must ensure that reserve sources are avail­
able in case the wind refuses to blow. But

because wind­power gen­
eration and electricity
demand both vary, the
extra power reserves

needed for a 20% share of
w ind are actually fairly

small‹an d w ould equal
only a few percent of

the installed win d
capacity, says

Edgar De­
Meo, co­chair of the 20% win d
advi sory group for Americ a's
Department of Energy. These
reserves could come from exist­
ing power stations, and perhaps
some extra gas­†red plants,
which can quickly ramp up or
down as needed, he says. A 20%
share of wind po wer is expect­
ed to raise costs for America's
pow er industry by 2%, or 50
cents per household per month,
from now until 20 30.

Whether or not the 20% goal
is reached in America, win d

pow er is poised to make a
signi†cant contribu tion t o
curbin g greenhouse gas
emissions. In America
alone, about 35% of new

electricity generating capaci­
ty in 2007 came from win d
power. The IEA projects that
by 2030 wind po wer will
produce 14% of the electric­
ity in the European Union ,
accounting for 60% of its
growth in elec trici ty gener­
ation (though additional
policy measures could
increase this share even
further). From a zero­fuel­
cost, zero­carbon perspec­
tive, notes Victor Abate,
vice­president of renew­
ables at GE Energy, win d
pow er is currentl y the
most cost­e…ective and
scalable technology
availab le to mankind. 7

Global wind resources are so vast that they could
easily meet the world's current energy needs.
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V IDEO killed the r adio star. Might its
next victim be the in ternet? The popu­

larity of YouTube, BitTorrent and other on­
line­video services has prompt ed many
gloomy prophesies that the net is on the
verge of collapsing under the load. Starting
the ball rollin g was Brett Swan son of the
Discovery Institute, a think­tank, who
warned in early 2007 of a comin g deluge
of data that Œtoday's network s are not re­
motely prepared to handle•, and used a
catchy name for i t: the Œexa‡ood•. (An exa­
byte is 1018bytes, or one billion gi gabytes.)

Nemertes, a market­research †rm, is­
sued a warning in November 2007 that
Œuser demand for the in ternet could out­
pace capacity by 2010•, and speculated
that thi s would both inconvenience users
and hamper inno vation. In M ay 2008, at a
symposium to discuss the matter held by

the Internet Innovation Alli ance, an indus­
try body, there was further talk of immi­
nent overload, and a warning that a lack of
internet bandwid th posed a serious risk to
American competitiveness‹unles s tens of
billion s of dollars were quickly invested in
infrastructure . The global cost of up grad­
ing the internet to prevent a decline in ser­
vice has been put by Nemertes at $137 bil­
lion; networ k operators in North Americ a,
it says, are spending 60­70% less than they
should be to keep pace with dem and.

All thi s may sound familiar . Back in
1995 Bob Metcalfe, an internet guru and the
founder of 3Com, a network­equipment
maker, predicted in a magazine article that
the internet w ould su…er Œgigalapses• and
grind to a halt by the end of 1996. He prom­
ised to eat his w ords if it did not. Hi s
gloomy prediction w as proved wrong, and
in 1997 he duly put the o…ending article in a
blender wi th some water at an industry
conference, and ate the resulting pulp wi th
a spoon. If such an eminent †gure (the in­
ventor of Ethernet networking , no less)
can get it wr ong, why should anyone be
worried this time ar ound?

Mr Swanson, who now w orks at the
Progress and Freedom Foundation in
Washington, DC, points to several new
technologies that are capable of generating
extremely large quanti ties of traˆc , includ­
ing video­sharing sites, videoconferenc­
ing, movie downloads , online gaming, in­
ternet­protocol television, camera­phones,
remote medical­imaging and back­up ser­
vices that store documents online. All , he
says, are Œswellin g tributaries funnelling
into the exa‡ood•. Doom­mon gers like to
quote the statistic that YouTube alone gen­
erated more internet traˆc in 2006 th an
the entire internet did in 2000. John Cham­
bers, the chief executive of Cisco, a net­
work­equipment giant, has predicted that
internet traˆc c ould grow at an ann ual
rate of 200­300%, and possibly 300­500%,
over the next few y ears.

Not so fast
It all sounds worrying . But according to
Andrew O dlyzko, a comput er scientist at
the University of Minnesota who s pecial­
ises in analysing historical trends in net­
working, the actual rate of traˆc gr owth i s
much lower than this‹an d seems to be de­
creasing, not increasing. Dr Odlyzko con­
cedes that it is diˆc ult to get concrete data
on the subject. ŒService provider s are para­
noid about releasing traˆc s tatistics,• he
says. Even so, the Minnesota Internet Traf­
†c Studies (MINTS) project, which Dr
Odlyzko heads, show s a clear decline in
traˆc gr owth compared with p revious
years. MINTS collates information about
traˆc gr owth f rom a range of sources, such
as company statements, log †les from w eb­
sites and traˆc r eports from in ternet ex­
changes where traˆc i s passed from one
networ k to another. ŒBack until a bout †ve
years ago, we had a pretty regular 100% per
year growth r ate‹bu t today it's more lik e
50­60%,• says Dr Odlyzko.

This chimes with anecdotal evidence
from a number of in ternet­service provid­
ers that has been assembled by MINTS.
AT&T, the world's biggest telecoms com­
pany, says traˆc on i ts backbone is grow­
ing Œat a pace of more than 50% per year•.
Virgin Media, a British in ternet­service pro­
vider, says traˆc on i ts broadband net­
work is growin g by 57% a year. ŒIn spite of
the wi despread claims of continuin g and
even accelerating growth r ates, internet
traˆc gr owth ap pears to be decelerating,•
the MINTS site concludes.

Of course, looking at traˆc gr owth in
isolation i s meaningless wi thout consider­
ing capacity. After all, a 50% increase in traf­
†c will o verload the networ k eventuall y 

Surviving the e xa‡ood

The internet:Predictions that an
Œexa‡ood• of traˆc will o verload the
internet have been doing the rounds.
But will it r eally happen? 
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2 unless capacity i s growin g at least as quick­
ly. According to †gures released recently by
TeleGeography, a consultancy based in
Washington, DC, international traˆc
growth exceeded capacity growth for se v­
eral years after 2002. That is not surprising,
because a glut of lon g­haul capacity w as
left over in the aftermath of the d otcom
crash. But in 2007 and 2008, capacity grew
faster than traˆc , as investment picked up.

Talk of exa‡oods is nothing less than
scaremongering and has no bearing on re­
ality, even though video traˆc is inc reasing
substantially , says Grant van Rooyen of
Level 3, a company based in Broom†eld,
Colorado. It operates networ k backbones
that carry around a quarter of the w orld's
internet traˆc. ŒWe estimate that 50­60%
of traˆc t oday is vi deo, but it's been that
way for the l ast three to four y ears,• he
says. ŒWe really don't think w e're going to
see a massive failin g of the inf rastructure.•

Level 3 has been regularly upgrading its
capacity, and will c ontin ue to do so, says
Mr van Rooyen. ŒThis isn't like b uildin g a
toll­road with an in‡e xib le inf rastructure,•
he says. ŒIn the networ k w orld, we are able
to scale infrastructure and capacity in r eal
time.• When bunches of optical †bres are
laid in the ground or on the seabed, for ex­
ample, not all of them ar e immediately
used, or Œlit•. So the capacity of a link c an
be increased by lighting more †bres. Even
when all the †bres are lit, capacity can be
further inc reased by upgrading the equip­
ment at each end of the †bre. Technologi­
cal progress means the amount of inf or­
mation th at can be squeezed down each
†bre is steadily increasing.

Core blimey
Such con†dence is encouraging, but up­
grading capacity in the b ackbone‹Level
3's area‹i s no use unless the Œlast mile•
links, which connect homes and oˆc es to
the core network , are upgraded too. This
has been the bottleneck in in ternet capaci­
ty in the p ast: the dotcom crash can be
blamed, in part, on over­optimis tic projec­
tions about the rate at which broadband
last­mile links w ould become wi dely
available . And because the last mile con­
sists of millions of s hort­haul link s, rather
than a few d ozen long­haul ones, it tends
to be more expensive and time­consuming
to upgrade than backbone inf rastructure,
says Dr Odlyzko. Furthermore , the popu­
larity of Œpeer to peer• (P2P) †le­exchange
systems, from Napster to Gnutell a to Bit­
Torrent, puts particular pressure on the last
mile, because P2P systems draw content
away f rom the core to the edges of the in­

ternet, where bandwid th is most precious.
Is this where the exa‡ood will s trike?

In fact, in the past couple of years there
has been substantial investment in l ast­
mile inf rastructure around the w orld. In
many countries telecoms operators have
been convertin g some of their last­mile
connections to high­speed †bre­optic
links, though cable network s and tele­
phone wires still account for mo st last­
mile connections. But they too can be up­
graded to carry more traˆc. In m any coun­

tries, broadband supplier s have invested
in their network s as they compete to o…er
the fastest connections. Continuin g invest­
ment is needed, says Mr van Rooyen, Œbut
we believe this is solvable.•

At the same time, pressure on the last­
mile links appears to be abating, says Alan
Mauldin of TeleGeography. ŒWe are seeing
P2P growth s lowing ,• he says, largely due
to the availabili ty of be tter video­compres­
sion softwar e and the rise of websites such
as YouTube, which o…er much easier ac­
cess to video than P2Pdoes. ŒWe'd only be
‡ooded if carriers stopped adding capaci­
ty‹an d there's no reason or evidence to
suggest that they will,• s ays Mr Mauldin.
Existin g levels of investment, Dr Odlyzko
reckons, should be enough to keep pace
w ith traˆc gr owth.

This is all good news, says Mr Swanson,
who, with his former c olleague George
Gilder of the Discovery Institute, is credit­
ed with c oinin g the term Œexa‡ood• . ŒThe
notion of ‡ood c onjures up notions of ca­
tastrophe,• he says. ŒBut in the w orld of
technology it can also refer to abundance.•
Mr Swan son says his concern has always
been that not enough investment was be­

ing made in the last mile, and that Œdraco­
nian• regulations, such as a proposed Œnet
neutrali ty• l aw, would discourage Ameri­
ca's operators from investing in their net­
works, leading to capacity shortages and
hampering innovation and competitive­
ness. ŒWe didn't mean it to be alarmist,• he
says. ŒWe weren't getting enough †bre into
the home.•

And thi s, it seems, is the source of exa­
‡ood doom­mongering. Warning of im­
pending overload is a convenient ‡ag to
wave if you are a think­tank, industry lo b­
by or company tryin g to fend o… govern­
ment regulators or attract tax­breaks and
subsidies for networ k construction. Rais­
ing the prospect of an exa‡ood also makes
sense for companies that sell network
hardwar e or softwar e that could prevent
the supposed disaster from happening.

From ‡ood to dr ought
Panic over, then? Not quite. Perversely, the
real threat may come from a reduction in
internet­traˆc gr owth, says Dr Odlyzko.
Too little in ternet traˆc , he contends, could
prove to be more dangerous to the indus­
try than too m uch. A traˆc­gro wth r ate of
50%, combined with s teady declines in
equipmen t costs, means revenues are stag­
nant, Œwhich is hardly a cheering prospect
for the industry•. If traˆc gr owth contin­
ues to fall‹i t is already below 10% in Hong
Kong, where high­speed access is abun­
dant‹ther e will be s lowin g demand for
faster connections from operators and
new equipmen t from vendors. But if com­
pelling new application s drive the growth
rate back up to 100%, its level for many
years, there will be more dem and from
customers for new services and equip­
ment. Accordingly, says Dr Odlyzko, the in­
dustry should be looking for w ays to stim­
ulate traˆc gr owth, r ather than limit i t.

The exa‡ood has, in any case, already
washed over the internet: according to †g­
ures from MINTS, global internet traˆc i s
somewhere betw een †ve and eight exa­
bytes per month, or 60­100 exabyt es a year.
Mr Swan son has duly amended his Power­
Point presentation. He forecasts that annu­
al in ternet traˆc in America alone c ould
exceed 1,000 exabytes, or 1 zettabyte, by
2015 and has upgraded his terminolo gy ac­
cordingly : he now talks of a zetta‡ood.

This is more traˆc than c urrent trends
would suggest. Mr Swan son says his aim is
not to worry peo ple, but to encourage the
investment and inno vation th at will be
needed to handle so much traˆc. An d if
the zetta‡ood fails to materialise? ŒI don't
plan on eating my PowerPoint ,• he says. 7

Too little internet traˆc could prove to be more
dangerous to the industry than too much.



THE world's grubbiest people, mea­
sured by emissions of greenhouse gas­

es per head, are the citizens of the Uni ted
Arab Emirates. The country's huge oil
wealth allows many of them to dri ve big,
fuel­guzzling cars and live in huge, power­
guzzling homes. What is more, the coun­
try's hot and muggy climat e means that al­
most all the building s are air­conditioned,
and almost all the w ater is obtained from
energy­intensive desalination p lants. The
result is an o…ence to the atmosphere.

What is more, Abu Dhabi, the biggest of
the country's seven princely city­states,
has a huge vested interest in the continued
domination of the w orld economy by fos­
sil f uels. It sits atop some 8% of the world's
proven reserves of oil. At current rates of
extraction , the oil will l ast for another 9 2
years. So it is with some scepticism that the
world has greeted Abu Dhabi's plans to re­
invent itself as a crucible of greenery.

In 2006 Abu Dhabi's development
agency unveiled the Masdar Ini tiative , to
pursue Œsolution s to some of mankind's
most pressing issues: energy security, cli­

mate change and trul y sustainable human
development•. The ini tiativ e consists of a
research institute to develop environmen­
tal technologies, an investment arm to
commerciali se and deploy them, and an
eco­city to hou se these two out†ts and to
serve as a test­bed for their i deas. All this, it
is hoped, will turn A bu Dhabi in to the Sil­
icon Valley of c lean technology, where
green­minded academics, entrepreneurs
and †nanciers will rub s houlders.

Thinkin g big
The project is nothin g if not am bitious.
Masdar's managers say they will c reate an
academic institution on a par wi th the
Massachusetts Institute of Technology
(MIT), a global manufacturin g hub for
technologies such as solar power and de­
salination , and a city of 40,000 peo ple
w ith no greenhouse­gas emissions and no
waste‹all w hile turning a p ro†t. The gov­
ernment of A bu Dhabi is puttin g up $15 bil­
lion in seed capital, but the investment arm
and Masdar city are in tended to be run on
a commercial basis, in conjunction wi th
other companies.

In the past, some of Abu Dhabi's gran­
diose schemes have come to nought‹most
notably a plan to buil d a global †nancial
hub from scratch a decade ago. More re­
cently, developers have suggested that
they mi ght scale back other splashy pro­

jects, such as a huge new cultur al quarter.
But Masdar is proceeding apace. Abu
Dhabi's crown p rince, Sheikh Mohammed
al­Nahyan, was excited about the idea
from the start and is taking a personal in­
terest in i ts progress, says Sultan al­Jaber,
Masdar's boss.

Masdar Institute of Science and Tech­
nology (MIST) will a dmi t its †rst students
next year; the †rst phase of Masdar city i s
under construction and M asdar has built
up a big portfolio of r enewable­energy in­
vestments, includin g a stake in an o…shore
w ind farm in B ritain and three solar­ther­
mal power plants in Spain. It has also
placed an order for m achinery for tw o so­
lar­panel plants: one that is already under
construction in Germ any, and another that
is to be buil t in Abu Dhabi i tself.

Outsiders seem keen to get involved.
MIT is helping MIST wi th the recruitment
and trainin g of its faculty. Credit Suisse, a
Swiss bank, has invested $100m in the ini­
tiativ e's clean­tech fund‹the s ame
amount as Masdar itself. Foster + Partners,
a British architecture †rm, has come up
w ith the master­plan for M asdar city. BP, a
big oil †rm, and Rio Tinto, a mining giant,
w ill collaborat e on a carbon­capture and
storage scheme. Masdar is workin g wi th
such partners not because it lacks capital,
says Mr al­Jaber, but because it wants to
take advantage of foreign experti se and
have its ideas independently scrutinised.

It is Masdar city th at has attracted the
most scrutiny . To reduce its emissions, es­
pecially in such an unwelcomin g environ­
ment, the city will emp loy all sorts of inno­
vative and outlandish technology. All the
buildings, naturally, will be supremely en­
ergy­eˆcien t. Water will be r ecycled, to re­
duce the need for desalination. There will
be dew­catchers, rainwat er harvesting and
electronic sensors to raise the alarm in case
of leaky pipes. There will be green spaces,
but with dr ought­resistant plants rather
than the thir sty l awn s and ‡owers that are
the norm in A bu Dhabi.

No cars will be allo wed. Instead, peo­
ple will h ave to walk, or take Œpersonal rap­
id transit•‹sm all pods that will z oom
around the city on tr acks, akin to metro
cars for in dividual s. Goods will be moved
in the same way. The city will be w alled, to
keep out the hot desert wind. The l ack of
cars will allo w for n arrow, shaded streets
that will also f unnel breezes from one side
of the city to the other .

Roofs, canopies and a large patch of
land on the edge of the city will be gi ven
over to solar panels. The city is already test­
ing 41 types of panel f rom 33 di…erent 

Masdar plan

Environment: Abu Dhabi has
embarked upon an ambitious plan to
build a zero­emission clean­tech
centre in the desert. Will it work?
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2 manufacturers, to see which w ork best in
the sunny, hot and dusty desert conditions.
There will also be the odd win d turbine,
solar water­heaters and small w aste­to­en­
ergy facilities (the city's planners do not
like to call them incinerators).

The plans leave space to adopt new
technologies when they reach maturity. A
spot has been saved for algae ponds that
might some day produce biofuel , for exam­
ple. For the time being they will be used f or
research. The whole city is being b uil t on a
raised platform , to give easier access to the
pipes and wirin g that w ould norm ally be
buried un derground and to allow the tr an­
sport pod s to zip around unfettered. That
w ill also m ake it easier to install revolu­
tionary new kit in f uture. Indeed, the
source of roughly a †fth of the city's po wer
supply has not yet been decided, on the as­
sumption th at there will be be tter options
availab le by the time the p roject is due to
be completed, in 2016.

Followin g the footprints
All thi s, it is hoped, will allow the ci ty to
produce more energy than it consumes
and ensure that less than 2% of the waste it
generates ends up in land†ll s. Carbon se­
questered in the city's vegetation, along
w ith export s of surplu s green energy,
should be enough to o…set the emissions
associated with c onstruction , says Khaled
Awad, who is m anaging the site. Contrac­
tors say they are keeping careful track of
their carbon footprint s and mutter about
the diˆc ulties of †nding concrete and steel
w ith a high recycled component. A bewil­
dering array of r ecycling bins stands prom­
inently in the w aiting area of the site oˆc e.

But the city's zero­carbon claim is a bit
of a fudge. For one thing, the city will not
produce enough energy to power itself at
night, due to its reliance on solar panels. In­
stead, it will import g as­†red power from
Abu Dhabi's grid, at least until energy­stor­
age technology improves. It will m ake up
for thi s in its carbon accountin g by export­
ing excess solar power to the grid during
the day. In addition , to keep energy use
down , the city will not allow any ener gy­
intensive industries within i ts boundaries,
even though spurrin g local manufacturing
is a big part of the M asdar ini tiative.

Furthermore , in itself, Masdar will d o
little to imp rove Abu Dhabi's carbon foot­
prin t. Cheap oil, natural gas and power
w ill contin ue to spur emissions­intensive
industry and conspicuous consumption.
Next to Masdar city, a Formul a One race­
track and a Ferrari­themed amusement
park are being buil t. In fact, Mubadala, the

development agency behind M asdar,
own s a 5% stake in Ferrari and sponsors its
Formul a One team. Just a few miles up the
road, it is buildin g the world's biggest alu­
mini um smelter, complete with i ts own
gas­†red power plant. A nearby mall i s
even plannin g to install an in door ski
slope, like the one in nearby Dubai.

But Masdar's creators, to be fair, seem to
see it more as a development project than
as an environment al one. They do not pre­
tend that Abu Dhabi is about to wean itself
o… oil and gas. But its rulers, they say, want
to diversify i ts economy, in preparation f or
the day it runs out of oil‹or of c ustomers
for i t. Since local workers and oˆci als have
already buil t up some experti se in energy,
it makes sense to capitali se on that.

What is more, Abu Dhabi, with i ts in­
tense, year­round sunligh t and desperate
thirst for w ater, is ideally suited to develop
technologies such as solar power and de­
salination. An d thanks to all that oil, there
is no shortage of capital. Masdar plans to
help †nance promisin g technologies at all
stages of development. It will set up i ts
own inc ubator to nouri sh local start­ups,
in addi tion to the clean­tech fund and oth­
er strategic investments in mature †rms.

Human capital, however, is another
story. Mr al­Jaber says that Masdar has
studied successful technology clusters
around the w orld in an e…ort to recreate
the same condition s in Abu Dhabi. He is
particularl y keen to mimic the w elcoming
regulatory environmen t and eˆcien t in­
frastructure of places such as Singapore
and Ireland. Foreign †rms settin g up shop
in Masdar city will, he poin ts out, be able

to work wi thout local partners if they
want, and to move capital freely in an d out
of the country. There will be strong protec­
tion of in tellectual property and little in
the way of p aperwork . Most alluringly,
they will not p ay any t axes.

MIST, meanwhile , seeks to entice great
minds with the p romi se of minim al teach­
ing requirements‹jus t one course at a
time‹an d plenty of o pportuni ties to pur­
sue original research. The Œopen laborato­
ry• of M asdar city is another draw, says
Marwan Khraisheh, who runs the in sti­
tute. It has succeeded in recruiting faculty
or students from grand American uni versi­
ties such as Cornell , MIT and Princeton.

Masdar itself, meanwhile , has recruited
such †gures as Rajendra Pachauri, the head
of the Uni ted Nations' climat e panel, and
John Browne , a former boss of BP, to help
select the winner of a p rize for inno vation
in energy. Britain's Prince Charles is a pa­
tron. In the project's headquarters, renew­
able­energy executives hoping to sell their
wares †ll the waiting room, while thru st­
ing young sta…ers of many nationalities
rush to and fro. Jonathon Porritt , a celebrat­
ed British environmentalist , ambles past.

Of course, Abu Dhabi is still not Silic on
Valley. MIST is tiny, and will not a dmi t its
†rst doctoral student until 2011. The city
has a miserable climat e and li ttle in the
way of en tertainment apart from malls
and restaurants. But it is more cosmopoli­
tan and less conservative than many im ag­
ine. Most foreigners arrivin g in Abu Dhabi
for the †rst time †nd it Œbetter than they ex­
pect•, says Mr Khraisheh. Perhaps the
same will be true of M asdar, too.7

Avision of the clean­tech future
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A FORMER vice­president, Al Gore, and
one of the co­founders of Google,

Larry Page, were already seated on the
stage of Google's ŒZeitgeist• conference,
an exclusive gathering for the in telligen­
tsia, but the third chair w as still empty.
After a few min utes, Sergey Brin , the other
founder of the w orld's biggest in ternet
company, joined them. Messrs Gore and
Page gave him the ‡oor, because Mr Brin
had somethin g important to say.

The global Œthought leaders• in the
audience at Zeitgeist had just spent tw o
days talking about solvin g the world's
biggest problems by applyin g the Enlight­
enment values of reason and science that
Google espouses. But Mr Brin , usually a
very privat e man, opened with an unc har­
acteristically personal story. He talked
about his mother, Eugenia, a Jewish­
Russian immi grant and a former comput­
er engineer at NASA, and her su…ering
from Parkinson's disease. 

The reason was that Mr Brin h ad re­
cently di scovered that he has inherited
from his mother a m utation of a gene
called LRRK2 that appears to predispose
carriers to famili al Parkinson's. Thus Mr
Brin , at the age of 35, had found out that he
had a high statistical chance‹between
20% and 80%, depending on the study‹of
developing Parkinson's himself. To the
surpri se of many in the audience, this did
not seem to bother him.

One member of the audience asked
whether ignorance was not bliss in such
matters, since knowledge would only le ad
to a life spent w orrying . Mr Brin look ed
genuinely puzzled. First of all, he began,
who's talking about w orrying ? His discov­
ery w as merely a statistical insight, and Mr
Brin , a wizard at mathematics, uses statis­
tics wi thout fretting about them. More
importantly , he went on, his knowledge
means that he can now take measures to
ward o… the disease. Exercise helps, as
does smoking, apparently‹althoug h Mr
Brin , to laughter, denied taking up ciga­
rettes (a vice of his father's).

But Mr Brin w as making a much bigger
point. Isn't knowledge alway s good, and
certainly alway s better than ignorance?
Armed with i t, Mr Brin is now in a po si­
tion to f und and encourage research in to
this gene in particular, and Parkinson's in

general. He is likely to contact other bear­
ers of the gene. In e…ect, Mr Brin regards
his mutation of LRRK2 as a bug in his
personal code, and thus as no di…erent
from the bugs in comput er code that Goo­
gle's engineers †x every day. By helping
himself, he can therefore help others as
well. He considers himself lucky.

The moment in some w ays sums up
Mr Brin's approach to lif e. Like Mr Page, he
has a vision, as Google's motto puts it, of
making all the world's information Œuni­
versally accessible and useful•. Very soon
after the two cooked up their new en gine
for w eb searches, in the late 1990s at Stan­
ford University, they began thinking about
informa tion th at is today beyond the w eb.
Their vast project to digitise books has
been the most controversi al so far,
promptin g a lawsui t from a group of
publishers in 2005 that was resolved in
October. But Messrs Brin and Page have
alway s taken a special interest in the sort
of inf ormation th at most people hold
dearest: that about their health.

From Russia with m aths
Mr Brin's faith in the tr ansformativ e pow­
er of kno wledge also has personal roots.
He was born in the Soviet Union, an
opaque society and one often hostile to
his Jewish parents. His father, Michael,
wanted to be an astronomer, but Russia's
Communist s barred Jews from the physics
and astronomy departments at universi­
ties. So Michael Brin became a mathemati­
cian, as his father had been. This too was
diˆcul t for Jews, who h ad to take special,
more diˆc ult entrance exams. Both Mi­
chael and Eugenia passed nonetheless. 

But it w as clear that they had to get out
to lead ful†llin g lives. They applied for an
exi t vi sa in 1978. Michael Brin was †red for
it, and his wife r esigned. Fortunately, they
received their vi sas, and in 1979 emigrated
to America. Sergey w as six at the time. He
went to a Montessori school and learnt
English, though he retains a hint of a Rus­
sian accent to this day. Language did not
come naturally to him. M aths did. So
Sergey follow ed his father and grandfa­
ther into mathematics, adding computer
science at the University of M aryland, and
then went to Stanford to get his PhD. Sil­
icon Valley, with i ts casual dress, sunshine,
optimism and curiosi ty w as an instant †t.

At an orientation for new s tudents he
met Larry Page, the son of comput er scien­
tists and also of Jewish background. They
instantly annoyed each other. ŒWe're both
kind of obnoxious ,• Mr Brin once said‹as
ever, half in j est, half serious. They decid­

Enlightenment man

Sergey Brin, one of the founders of
Google, believes knowledge is always
agood thing‹and that more of it
should be shared
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ed to disagree on every subject that came
up in conversation, and in the process
discovered that being together felt just like
home for both of them. T hey became
intellectual soul­mates and close friends.

Mr Brin w as interested in data minin g,
and Mr Page in extendin g the concept of
inferrin g the importance of a research
paper from i ts citations in other papers.
Crammin g their dormit ory room full of
cheap computers, they applied this meth­
od to w eb pages and found that they had
hit upon a superior w ay to buil d a search
engine. Their project grew q uickly enough
to cause problems for Stanford's comput­
ing infrastructure. With a legendary
nudge‹fr om An dy Bechtolsheim, a promi­
nent Silicon Valley entrepreneur and
investor who wr ote a $100,000 cheque to
somethin g called Google Inc‹M essrs Page
and Brin established a †rm by th at name. 

Suspending their PhD programmes
w ith Stanford's blessing, the two became
entrepreneurs of a typical Silicon Valley
start­up. They even worked out of a garage
for a time, as Valley lore seems to require.
One advantage of this particular garage
was that its owner, an early Google em­
ployee, had a sister, Anne Wojcicki, w ho
got along well with Mr Brin and h as since
become his wif e. Ms Wojcicki, moreover,
had an interest in health inf ormation , and
began talking to Mr Brin about ways to
improv e access to it.

Google began its astonishing rise. On
the advice of their in vestors, the founders
hired Eric Schmidt , a technology veteran,
as chief executive, to provi de Œadul t su­
pervision•. Mr Schmid t's role was to
reassure Wall Street types that Google was
responsibly run, in p reparation for a s tock­
market li sting. As Google †led its papers,
the world discovered that Google had
added to its breakthrough in search tech­
nology a fantastically lucrative revenue
model: text ads, related to the keyword s of
web searchers, that charge an advertiser
only when a consumer actually clicks and
thereby expresses an interest.

As Google's share price went up,
Messrs Brin and Page became multi­bil­
lionaires. Wealth has its e…ects, and stories
began leaking out. There was, for in stance,
the Boeing 767 that Messrs Page, Brin and
Schmidt began sharing and that Mr Brin
was eager to turn in to a Œparty plane• wi th
beds suˆcientl y large for comfortable
Œmile­high club• membership. 

Yet their in dulgences tend to share
three less decadent features. First, they
enjoy being just plain goofy. Durin g their
rare meetings with the p ress, Mr Schmidt

w ill typ ically talk the mo st but say least,
rattlin g o… oˆcial company positions
until the journ alists succumb to exhaus­
tion. Messrs Page and Brin , meanwhile,
w ill sit next to him and exchange the odd
knowin g look, then add the occasional
short , inappropriat e and mildly embar­
rassing‹bu t often hyper­perceptive‹aside
that livens things up and forces Mr
Schmidt to backpedal for a f ew min utes. 

Second, they are drawn to p ranks and
diversions that are educational‹and
ideally outrageous. They used to be regu­
lars at Burnin g Man, a festival in the Neva­
da desert where oddballs display in­
novativ e art and mechanical creations.
And Mr Brin h as invested $5m‹in e…ect,
the price of his ticket‹in a c ompany based
in Virgini a that arranges trips for private
individual s to the International Space
Station on Russian Soyuz spacecraft.

Try not to be e vil
Third, Messrs Brin and Page appear to be
tryin g to do good. They have been mocked
endlessly, and understandably, for their
corporate motto (ŒDon't be evil•), but
probably mean it. When they s tart to look
evil , it is usually out of n aivety. Google
went in to China agreeing to censor its
search results to appease the Communists,
but did so in the belief th at a lot more
information , with omi ssions clearly la­
belled, makes the Chinese better o…. Mr
Brin certainly had the Russia of his youth
in mind, b ut agonised over the decision.

Despite the best intentions of Google's
founders, privacy advocates worry th at it
know s a dangerous amount about its
users, which might be released inadver­
tently if some thin g goes wrong. And there
is growin g concern about Google's domi­
nance of the in ternet­advertising market.

But Messrs Page and Brin have other
things on their min ds. ŒSolvin g big pro­
blems is easier than solvin g little pro­
blems,• Mr Page likes to say, and both
preach a Œhealthy di sregard for the impo s­
sible•. They hope, for in stance, to help
solve the world's energy and climate
problems via google.org, Google's philan­
thropic arm. Health is another big pro­
blem. Mr Page, Mr Brin and his wif e, Ms
Wojcicki, have brainstormed with peo ple
such as Craig Venter, a biologist w ho
helped map the human genome. Mr Brin
instinctivel y regards genetics as a database
and computin g problem. So does his wife:
she co­founded, with Lin da Avey, a †rm
called 23andMe that lets people analyse
and compare their genomes (made up of
23 pairs of chromosomes). 

The relationship betw een Google and
tiny 23andMe has on occasion raised
eyebrow s. Google is an investor, although
Mr Brin has recused himself from deci­
sions about it. But Mr Brin and Ms W oj­
cicki are quite the marketing pair. When
the global poli tical and economic elite
gathered at Davos, a big draw w as
23andMe's Œspit party• w here the rich and
famous salivated into tubes to provide
DNA samples. A cynical view of Mr B rin's
Zeitgeist announcement is that it w as just
amarketing stunt. Ms Wojcicki and M s
Avey w ere in the room as he spoke.

More likely, Mr Brin and his wife h ave
genuine faith in the v alue of genetic
knowledge for i ts own sake. They get their
kicks by comparin g whether they share
the gene that makes urine stink after
eating asparagus, or the one that deter­
mines whether earwax is mealy or oil y.
But they do ul timately regard it as code.
And code, as Messrs Brin and Page often
say, bene†ts from many eyeballs, which is
why Google typ ically uses and releases
open­source software, such as its web
brow ser and mobile­phone operating
system. (It does, however, keep its search
and advertisin g algorithm s private.)

Mr Brin w as therefore settin g a public
example with his announc ement at Zeit­
geist. Let everybod y di scover their ge­
nomes, through 23andMe or another †rm,
and then feel comfortab le sharing the
code so that others‹patients , doctors,
researchers‹can get to w ork crunchin g the
data and looking for the b ugs. Throughout
history, the prospect of greater access to
knowledge has frightened some people.
But those are not the people that Sergey
Brin mixes with in Silicon V alley. 7

ŒSolving big problems is easier than solving
little problems,• Mr Page likes to say.
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