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SCIENCE AND TECHNOLOGY
ofJap-

iuring- 
tionists and anti-dam protesters, which

pract-took place on April ioth-inth in Gland,

imeet- 
Switzerland.

ieet- InThe aim was to seek a consensus on
ers. In whether, and how, dams should continue

iolders to be built. The difficulty is that the social
and environmental costs and benefits of

2stark.

on-law 
dambuilding are still extremely hard to

-measure reliably.

fshare- Many of the worst environmental ef-
id sec- 4fects of dams stem from their supposed

, those 
benefits. For instance, the constant and reli-

fre lsable irrigation a dam provides can water-
re also log the ground. The water brings under-

i less 
ground salt to the surface, then evaporates

is land leaves it behind. Eventually the soil be-
ter job comes too salty for crops to survive. Even

:ing the 
the prevention of floods is a mixed bless-
ing. The silt that was once carried down-

stream by a swollen river, replenishing the
soil and nutrients, no longer makes itsjour-
ney. Instead it clogs up the reservoir.

own. adenTo these and other problems (such asUrte h plant and animal life lost by stifling a
qual to .' and I river and filling a forest with water), there

v coun- are some partial fixes. Underground drain-

nd to age may prevent salinisation; channels in
, for -the dam can allow some of the silt through;
pitalisa- GLAND, SWITZERLAND fish-ladders allow certain migrating fish,
chart)- such as salmon, to continue their journeys.
makes a
ise cash. Should dams be built? Forging a consensus will be tricky But even with these in place, the effect of a

ie s dam is unpredictable. The Aswan dam and
ountries T MUST once have seemed like power ways badly planned and executed. the Aswan high dam, both on the Nile, are

civil-law for free, a gift from the heavens. A dam Nonetheless dams are seen, by many commonly held up as exemplars of plan-

biilty tcreates electricity from nothing other than poor countries in particular, as the only ning. But the arable land downstream is be-

I the falling of water through its turbines. cost-effective way to generate power (and ing eroded away, partly because it is not get-
t for new The supply is replenished in perpetuity by often to export it as well) and husband wa- ting enough silt.

le, com- the munificence of nature. Nothing is used ter. They also create jobs and are often sta- The protection from floods that dams

)und 2.2 up. Nothing is contaminated. No pollut- tus symbols. Their true value has been offer turns out to be one of their most trou-

panyflo- ants are belched into the atmosphere. made impossible to judge by decades of bling drawbacks. Traditionally, much land
French- The lake that forms behind a dam, development prejudiced in their favour. near a river has been irrigated by floods
s than a meanwhile, should allow a country to The real impact they have on the environ- and planted as they recede.A dam can stop

make the best use of what is often its most ment and on people has rarely if ever been this from happening and so rob millions of
ountines precious resource. It lets people have water included in a dam's cost-benefit analysis. people downstream of their livelihood. It is

atreat in- when theywant it(for irrigation), and holds The benefits are generally taken for usually assumed that the dam's irrigation

shave an it back when they do not (by preventing granted, and are not properly measured of other land will make up for the eco-

ose with floods). Often the lake is a tourist attraction, against the outcome of refraining from nomic loss, but a study of the Kainji dam

,le results. a rich source of fish, and a fallback in times building a dam. on the Niger reckoned that the dam re-
of drought, when the river would have been But fashion changes. In recent years duced rice production downstream by 18%

r than the reduced to a trickle. protests against dams have grown more and the fish catch by 60-70%.Another study

he health However, dams have well-publicised common. Having stopped the building of estimated that the economic benefits of the
rowth is vices. They are notorious for causing great nuclear reactors in rich countries, public Bakolori dam, on a tributary of the Niger,

f output, environmental change. And they force opposition is starting now to alter the were outweighed by the loss of crops, fish

isation is massive human resettlement, mostly of predilection for dams in poor ones. Some and livestock by villagers downstream.

common- people who live where the lake is due to ap- big dam projects have been abandoned But the thorniest problem is the uproot-

re rapidly pear. The World Bank estimated in 1994 halfway through (see box on next page); ing and resettlement of people. Those most
> those in- that the 300 "large" dams-those over 15 funding for new ones is not so easy to find. likely to be evicted by a dam-ethnic
-ing ft metres (50 feet)high and some of those over Even the World Bank, formerly a fan of groups that are not too querulous-are

s, the 10 metres high, though the biggest are ten dams and still their single biggest financer, those least good at adapting to new condi-

nent is at times that size-built every year force some has become cautious. Hence its request for tions. They often have to change their way

4m people to leave their homes, often an- a meeting of interested parties, from of life as well as their location. The World

cestral lands.The resettlement is almost al- dambuilders and financers to conserva- Bankitselfreckonsthatonlyinahandfulof
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SCIENCE AND TECHNOLOGY

cases have most of the people displaced by World Bank tries to attach such conditions, The Bank finances only a small fraction of
a dam ended up better off. governments (and the Bank) are often bad all new dams. And investors who prove to

Thayer Scudder, an anthropologist at at enforcing them, and good at covering up. be overly sensitive to the environment or
the California Institute of Technology, in All this has conspired to give dams a the impact on local people are frequently
Pasadena, argues that even this finding bad name. Even the World Bank came close dumped in favour ofthose with fewer scru-
makes matters look better than they are, to giving up on dams a few years ago, and ples. Maybe only when the world runs out
since some of the dams the World Bank has already shifted its emphasis towards of profitable places to put dams will the
took into account had been completed coal as a source of power. But burning fossil building of harmful ones stop.
only a few years before. His long-running fuels has unpleasant side-effects of its own.
study of people ousted by the Kariba dam That is why the Bank remains inter-
on the Zambezi, which separates Zambia ested in dams, and keen to find a way to Flat-screen displays
from Zimbabwe, found that although their make them acceptable. In Gland, all the
lives improved initially, the farmland they participants agreed that if an international W hen size
were given turned out to be poor and rela- commission were created to set standards,
tions with their new neighbours worsened. if everybody affected by a dam were in- m atters
The second generation were distinctly volved in the planning process, if the op-
worse off than their parents had been. tion of building a dam were weighed SUNNYVALE

Although they are still hard to quantify against all alternatives, if all the costs were
in advance, the social penalties that dams accounted for, and if everyone benefited A FTER more than 50 years, the cathode-
impose are nowadays much better under- from the dam ... then it could go ahead. 1-1 ray tube is still the king of table-top
stood. What is still lacking is a mechanism This is hardly a breakthrough, amount- screen displays. But there is now a huge
that enables them to be taken into account ing as it does to an agreement to accept the market for truly miniature displays, just
when a darn is planned.Governments keen building of any dam so long as its construc- millimetres in diagonal-far smaller than:
on a dam being built are often reluctant to tion is wholly uncontroversial--an im- the tube could ever be. At the other end,
force up its costs by insisting on too many probable eventuality. Nor does it deal with cheap devices that can easily project a gi-
environmental or resettlement measures. the waning power of the Bank to ensure gantic image from a tiny package are much
And when an external agency such as the that dambuilding is socially responsible. in demand. What is needed is the elec-

A flood of fiascos Ekran, the company promoting the pro-
ject, is said to think that it can raise

GLAND. SWITZERLAND enough money from Malaysian sources
alone.

T HE Sardar Sarovar dam on the Dresdner, a private German bank. The massive Three Gorges dam
Narmada river, in India, is a stark ex- Malaysia's $6 billion Bakun dam in which China started to build in 1994 will

ample of how the World Bank's condi- Borneo is a favourite project of the prime displace up to 1.3n people. America's Ex-
tions on resettlement and environmental minister, Mahathir Mohamad. A luke- port-Import Bank, dissatisfied with Chi-
damage-which were attached to its loan warm report on its profitability along na's guidelines on resettlement and the
in 1985-could fail. An independent re- with protests by various pressure groups environment, refused to finance the pro-
port found that, among other things, the have deterred foreign investors. Even so, ject three years ago. But the dam is going
benefits were over-estimated, environ- ahead with Swiss, Japanese and German
mental impact assessments were not money.
done and resettlement conditions were Namibia's government will soon de-
not met. The Bank's own India depart- cide where on the Cunene river to build
ment altered a study criticising the re- the Epupa dam. A World Bank study
settlement, to hide the problems from the some years ago said that building it
Bank's directors. The loan was cancelled would be economic lunacy. The govern-
in 1993 and India's Supreme Court sus- ment's consulting engineers recom-
pended construction in 1995. The angry mended the cheapest and most environ-
protests against Sardar Sarovar became a mentally friendly of four alternative
model for others and focused attention dams, but the mining and energy minis-
on how bad dams could be. try is keen on the big expensive one. It

The Pangue dam on Chile's Bio Bio would displace relatively few people (be-
river was initially seen as a coup for the tween 6,000 and 10,000), and lots ofjobs
International Finance Corporation are promised, but most ofthese will prob-
(iFc)-the affiliated arm of the Bank that ably go to skilled workers from overseas.
lends to privately financed projects- By contrast, Nam Theun 2, in Laos, is
since it was to be its first big dam. How- being trumpeted as the way all dams
ever, a recent report commissioned by the should be planned. The World Bank will
Bank's president, James Wolfensohn, is decide whether to finance it only after
said to criticise the IFC for failing to en- three intensive studies: one to make sure
force environmental conditions. In that it will benefit all concerned; one to
March Mr Wolfensohn put pressure on compare it with alternatives; and one to
Chile's dambuilding agency to comply see whether the area within the dam's wa-
with the conditions. Instead, Chile repaid tershed (ie, the area from which water will
the IFC loan and borrowed, at lower inter- run into the reservoir) can be turned into
est rates and with fewer constraints, from Not a natural wonder a national park.
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I fraction of - This complicated interaction-the same quickly: up to 5om times a second. Slov%

ho prove to A little light reflection thing that takes place in a hologram- switching has long been the bane of liquid
ronme t or Howthegrating lightvalvewmeans that as light leaves a pixel, it is split crystal displays, so the light valve score

fre ly into two identical beams, moving off at good marks here.

fewei Lightenterng Light entering equal but opposite angles. And if all the Its inventors claim that it should also

rld runs out beams from all the pixels are captured- lose much less of the light that arrives from-

ms will the something that can be done by reversing a the light source, whether a light bulb or
standard device known as a "beam splitter laser, recapturing as much as 81% of the in
cube"-they can be optically recombined to coming light for the final image-although
form an image. some people doubt it will be that good. And

leaving Light leaving Though this is a rather fancy way of best of all, according to Silicon Light Ma
switching pixels off and on, the system has chines, the grating light valve is extremel'
several advantages. It can be used for big cheap to make. But it may be bulkier thai
displays or small ones depending on how its rivals. The throne for tiny screen technol
the final image is projected. Because the ogies has not yet been claimed. Bitter war
grating ribbons are so small and light, they will doubtless be fought.

Source:SionLightMachines -can be switched on and off extremely

the cathode- tronic equivalent of a 35mm slide.

of table-top Previous attempts todo this range from The ultimate f ridge magnet
now a huge cautious extensions of existing liquid-crys-
lisplays, just tal technology to bizarre leaps forward,

smaller than such as using a million tiny mirrors that ADOLINIUM is one of the more ob- of a fluid, but by the magnetisation and

e other end, pivot from side to side to redirect light in ' scure elements of the periodic ta- demagnetisation of gadolinium.

project a gi- order to form an image. But the latest idea ble, but it may yet have its 15 minutes of A prototype gadolinium refrigerator,

age are much is even weirder than this. fame. For gadolinium has a strange based on Dr Gschneidner's ideas, has

is the elec- Based on research by David Bloom, the property that could prove useful: when been built by Carl Zimm, at the Astro-

chairman of Silicon Light Machines, in put into a magnetic field, it heats up; nauticsCorporationofAmerica,in Mad-

Sunnyvale, California, the so-called "grat- when demagnetised, it cools down. ison, Wisconsin. It works by pushing two

g the pro- ing light valve" is essentially a silicon chip Karl Gschneidner, a materials scien- cylindrical "beds" containing small gad-

can raise with moving parts. The surface consists of tist at Iowa State University, in Ames, is olinium spheres into and out of a mag-

an sources thin silicon ribbons, each a few millionths using this effect to create a new principle netic field in opposition to one another.
of a metre wide, suspended above a minute in refrigeration (or, rather, to revive an As a bed enters the magnetic field, it

rges I air gap. The ribbons are either fixed or old one that has not worked well before). heats up. The heat generated is allowed

n 199~ 1 moveable, alternating across the surface. He is cooling things down with magnets. to dissipate into the environment and

nerica's Ex- As in all display screens, the image is Most modern refrigerators function the bed is then pushed out of the mag-

I with Chi- built up out of pixels-tiny dots that, when by circulating a fluid with a low boiling netic field. Deprived of magnetic stimu-

nt and the viewed from a suitable distance, fool the point through their freezer compart- lation, it cools down-and cools the wa-

ice the pro- eye into seeing a seamless picture. In the ments. Evaporation requires heat, and ter, which is then pumped around the

im is going case of the light valve, each pixel is made up this heat is drawn in from the surround- refrigerator's freezer compartment. And

id German of four ribbons, two fixed and two move- ing environment. By pumping the fluid while this is happening, the other bed is
able (so to have a lot of pixels, you need a lot into a freezer in such a way that it ex- in the magnetic field being heated. So far,

11 soon de- of ribbons). Pixels are switched on and off pands and evaporates, heat is "sucked" the Astronautics refrigerator has run for

er to build by pulling on the ribbons that move up and out of the compartment. over four months without any problems.

3ank study down. When a pixel is off (that is, it is to Conversely, condensation from va- Ultimately, like most refrigerators,

>uilding it appear dark in the image), the ribbons line pour to liquid liberates heat. In a refriger- the gadolinium fridge runs on electricity.

Fhe govern- up to produce a flat, reflective surface. Any ator, condensation takes place in an ex- Power is needed to move the bed and to

rs recom- incoming light is just sent straight back out ternal radiator, chucking the heat from keep the water circulating. But there are

)st environ- again (see diagram). When a pixel is turned the freezer out into the room where the reasons to think that a commercial ver-

alternative on, however, the active ribbons are drawn fridge is located. This way, heat is sion would use significantly less electric-

ergy minis- . down into the air gap by electrostatic at- pumped from the inside of the fridge to ity than a more conventional refriger-

sive one. It traction, producing a set of grooves. its outside. ator. No energy is lost in the expansion

people (be- Diffraction and interference, two basic This system works well. But there is a and compression of the working fluid,

I lots of jobs properties of waves, determine the fate of drawback. The fluids of choice are either and the magnet that generates the field is

e will prob- light hitting the grooves. Diffraction is what chlorofluorocarbons (better known as based on a superconductor, and thus

n overseas. happens when waves are squeezed through CFcs, which are implicated in ozone de- consumes negligible quantities of elec-

2, in Laos, is a narrow gap, such as that produced when a pletion and global warming and have tricity. The maximum energy efficiency

y all dams moveable ribbon has been pulled down. been outlawed by international agree- of a conventional refrigerator is about

d Bank will When the waves emerge from the gap (in ment); their cousins, hydrofluoro- 40%. Theoretically, a magnetic fridge

t only after this case they bounce back out of the carbons (HFcs, which contain no ozone- could achieve 60% efficiency.

o make sure groove) they spread out. damaging chlorine, but which still add Such an efficient fridge is, Dr

ned; one to if these spreading-out waves meet to the greenhouse effect); or ammonia Gschneidner reckons, five to ten years

and one to waves just bouncing straight back off the (which is unpleasant if it leaks). Dr away from industrial applications, and

e dam's wa- "up" ribbons, they interfere with each Gschneidner's fridge has a circulating rather further from the shops. And gad-

h wa ill other. Where two wavecrests meet, they re- fluid, too. But it is just water with a little olinium is quite expensive. But if it

turne, tito inforce each other to produce a bright spot; antifreeze added. The cooling is done proves commercially viable, it may be
where a crest and a trough coincide, they not by the expansion and compression the coolest fridge around.

_______cancel each other out producing darkness.
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