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It's a tall order: Over the next few decades,theworld will needto weanitself from dependenceon
fossil fuelsand drastically reducegreenhousegases.Current technology will takeus only sofar;
major breakthroughsare required.

What might thosebreakthroughsbe?Here'sa look at five technologiesthat, if successful,could
radically changethe world energy picture.

Theypresentenormousopportunities. Theability to tap powerfrom space, for instance, could
jump-start wholenew industries.Technology that cantrap and storecarbon dioxide from coal-fired
plants would rejuvenateolder ones.

Successisn't assured, of course.Thetechnologiespresentdiff icult engineeringchallenges,and some
requirebig scientific leapsin lab-createdmaterials or genetically modified plants. And innovations
have to be deliveredat a costthat doesn'tmakeenergymuch more expensive.If all of that canbe
done,anyone of thesetechnologiescouldbe a game-changer.

SPACE-BASEDSOLARPOWER

For more than three decades, visionarieshaveimaginedtapping solar powerwherethe sunalways
shines-in space.If wecould placegiant solar panelsin orbit around the Earth, andbeam evena
fraction of the available energyback to Earth, they could deliver nonstopelectricity to any placeon
the planet.

Thetechnology may soundlike science fiction, but it's simple: Solar panels in orbit about 22,000

milesup beamenergy in the form of microwaves to earth,where it's turned into electricity and
pluggedinto the grid. (Thelow-poweredbeamsare consideredsafe.)A ground receivingstationa
mile in diameter could deliver about 1,000megawatts-enough to power on averageabout 1,000

U.S.homes.

Thecostof sendingsolar collectorsinto space is the biggestobstacle,soit's necessary to designa
systemlightweight enoughto require only a few launches.A handful of countries and companies
aim to deliverspace-based powerasearly asa decadefrom now.

ADVANCED CARBATTERIES
Electrifying vehiclescould slashpetroleumuseandhelp cleanthe air (if electric powershifts to
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low-carbonfuels like wind or nuclear). But it's goingto take better batteries.

Lithium-ion batteries, common in laptops,are favored for next-generationplug-in hybrids and
electricvehicles. They're more powerful than other autobatteries,but they're expensive and still
don't gofar on a charge;the ChevyVolt, a plug-in hybrid comingnext year, can run about40 miles
onbatteriesalone.Ideally, electric carswill getcloserto 400 miles on a charge.While
improvementsare possible,lithium-ion's potential is limited.

Onealternative, lithium-air, promises10times the performanceoflithium-ion batteries andcould
deliveraboutthe sameamount of energy, poundfor pound, as gasoline.A lithium-air battery pulls
oxygenfrom the air for its charge, sothe device canbesmaller and more lightweight. A handful of
labsareworking on the technology, but scientists think that without a breakthrough they couldbe a
decade away from commercialization.

UTILITY STORAGE
Everybody's rooting for wind and solar power. How couldyounot?But wind and solar areuse-it-
or-lose-it resources.To makeany kind of difference, they needbetter storage.

Scientistsare attacking the problem from a hostof angles-all of which are still problematic. One,
for instance, usespowerproduced whenthe wind is blowing to compressair in underground
chambers; the air is fed into gas-firedturbines to makethem run more efficiently. Oneof the
obstacles:finding big, usable,underground caverns.

Similarly, giant batteriescanabsorbwind energyfor later use,but someexistingtechnologiesare
expensive,and othersaren't very efficient. While researchersare looking at newmaterials to
improve performance,giant technical leaps aren't likely.

Lithium-ion technology may hold the greatest promise for grid storage, where it doesn't have as
many limitations as for autos. Asperformance improves and pricescomedown, utilities could
distribute small, powerful lithium-ion batteriesaround the edgeof the grid, closerto customers.
There,theycould storeexcesspowerfrom renewablesand help smoothsmall fluctuations in power,
making the grid more efficient and reducingthe needfor backupfossil-fuel plants.And utilities can
piggy-backon researchefforts for vehiclebatteries.

CARBONCAPTUREAND STORAGE
Keepingcoalasan abundantsourceof power meansslashingthe amount of carbondioxide it
produces.That could meannew, more efficient powerplants. But trapping C02from existing plants
-about twobillion tons ayear-would be the real game-changer.

Techniquesfor modest-scaleC02 captureexist,but applyingthem to big powerplants would reduce
the plants' output by a third and doublethe costof producing power.Soscientistsare looking into
experimentaltechnologiesthat could cut emissionsby 90%while limiting costincreases.

Nearly all are in the early stages, and it's too early to tell which methodwill win out. Onepromising
techniqueburns coaland purified oxygenin the form of a metal oxide, rather than air; this produces
an easier-to-captureconcentratedstream of C02 with little lossof plant efficiency. Thetechnology
has beendemonstratedin small-scalepilots, andwill be tried in a one-megawatt test plant next
year. But it might not be ready for commercial useuntil 2020.
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NEXT-GENERATION BIOFUELS
Oneway to weanourselves from oil is to comeup with renewable sourcesof transportation fuel.
That meansa new generation ofbiofuels made from nonfoodcrops.

Researchersare devising ways to turn lumber and crop wastes, garbage and inedible perennials like
switchgrass into competitively priced fuels. But the most promising next-generation biofuel comes
from algae.

Algaegrow fast, consumecarbon dioxide and can generate more than 5,000 gallonsa year per acre
ofbiofuel, compared with 350 gallons a yearfor corn-based ethanol.Algae-based fuel can be added
directly into existing refining and distribution systems; in theory, the U.S. could produce enough of
it to meetall of the nation's transportation needs.

But it's early. Dozens of companieshavebegunpilot projects and small-scale production. But
producingalgaebiofuels in quantity meansfinding reliable sources of inexpensive nutrients and
water, managing pathogensthat could reduce yield, and developing and cultivating the most
productive algae strains.

Corr ections & Amplif ications

Onethousandmegawatts are enough to power on averageabout onemillion U.S.homes. This article
on space-based solar power incorrectly said 1,000 megawatts could power about 1,000homes.

- Mr. Totty is a news editor for The Journal Report in San Francisco. He can be reached at
michael. totty@wsj.com .
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