lectric A

Could our power be locally sourcecl? Carohne Williams
reports onthe davvn ofa communlty based revolutlon

VERY generat1on hkes toblow the young

‘uns’ minds with tales of thebad old - -

-days. For today’s 30+ somethmgs, itisthe
erabefore cellphones and the internet, when
people were sometimes outof contactfor,
like, hours at a time. For those alittle older, it

is when televisions were black'and white, only

had two channels, and few could afford one.

By the middle of the century, today’s pre-
schoolers will have theirown tales totell the
kids: perhaps of a bleak time when electricity
was piped t6 our homes from dirty great -
power stations, few people made their own
electricity let alone stored it, and nobody had
even thought of using the car to power thé
washing machine.

Thekids of the 2060s will roll thelr eyes: -
and get back to whatever kids spend their
time doing by then. But they might be the
beneficiaries of one of the biggest technological
revolutions of the modern world. The
electrical grid is in need of anoverhaul, and.
there are competing ideas about how it will
end up. One ambitious notion would involve
taking apart otir energy supply and rewiring it
into a nétwork of “community grids” - cleaner,

. greener and perhaps able to run entirely on
renewable energy: It may sound far-fetched,
and not everyoné buys into this vision of the
future, butifitisright, wecouldbeatthe
start of the 21st-century electric revolution. -

One thing is certain: the grid is ageing.
Much of its infrastructure in Europe and
North America is getting to the end of; oris
already past, its plarined life expectancy.
According to a recent report by the European
Commission, about $17 trillion of investment
isneeded, globally, by 2035 to bring the grid
up to scratch, Theé US alone needs to invest
$1trillion: rumotr has it that parts of its grid

+ dateback to Thomas Edison’s time.
- And if we are going to replace the grid, says
Neil Fromer, who directs the Resnick Institute
at the California Institute of Technology -

(Caltech) in Pasadena, we' may as well-update
it.“Wecertainly don’t want to put in thelatest
version of the same one-way, centrally
controlled infrastructure we have now.”

. Tobe fair to the grid, that one-way system
has done us proud for over a century. When
you think about it, the fact that it works at all

s mind-boggling: flick a switch, and the room

lights up using electricity that was generated
lessthana second before ata power station
tens or even hundreds of miles away and
zipped to your home at just under the speed
of light. Theelectricity flows from a few big,
central power stations, radiating outalong -
transmission and distribution lines to millions
of people, Peaks and troughs in supplyand -
demand are smoothed out by storage built -
into the generators themselves, along with -
manual tweaksfrom computer and human’
'operators. This architecture makes the grid
stable enough to keep us fromplunginginto-
darkness, whatever the demands placed onit.
By and large, it all works well—but times are
changing. Most countries have plans toreduce
emissions by increasing the proportion of
their electricity provided by renewable energy
(see diagram, 41). Germany, for example, is
aiming for over 80 per cent from renewables

‘by 2050.Inthe US, nolegislation prescribes. -

overall targets but 39 states have goals ranging
from 10 to 33 per cent by about 2025.

The good news is that renewable energy can
provide enough electricity to get them there..
The US National Renewable Energy Léboratory
concluded Iast year that the technology
available today ~including wind, solar and
hydropower-is “more than adequaté” to
allow the US to meet its targets; The trouble
is that the locally intermittent nature of such
energy sotirces means they can’t be used to
generate electricity.continuously.

Ask Germany, whichlearned the hard way
after phasing out its nuclear programme last
year and pushing renewables to the fore.In * >
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acold snap last February, the grrd couldn’t
handle the millisecond outages, causing .-
temporary shutdown $in sevéral facton

resources worldwrde energy demand issetto
rise, thanks inparttoa growmg populatlon

always-on gadgets and electric cars: Predlctrons _

fromboth sides of the Atlanticsuggest that

.30 per cent more energy by the mlddle of this
centuryto keep upwith demand
Meetrng these demandsis ‘one of the

greatest technologlcal challenges industrialized -

societies have undertaken”, saysateport.
published last year by. researchers at Caltech
- Inresponse, the system is already evolvmg
Governments and researchers Have spent the'
" past decade testlng ways to update the grld To

" digsént, Oned descrlbedaworld of“sinister "
) technology ‘where "blg brother can switch
‘offyourfrldge T '

submitted to the European Commission by
agroup of European energy regulators last’.
month' So far there has been no dec151on but

theUK and Us, w111 néed to be producing about; POWEI’ tO the p eople

“Thisi isn t necessarrly much tobe concerned

= about says Mani Chandy, acomputer scientist - ‘

‘ control over the dev1ces that consume. the

at Calfech; Consumers always have the optlon
tooverride the ut111ty s command to switch
an apphance off-“Isee 1tas an opportunity,”

your ‘rates if you give the utilities limited

most electncrty in Cahforma the air .

o R

- thecentral grid..

N countrles are Senous about sustalnablllty
and energy, security, they needto deploy V
masswe amounts of dlstrlbuted energy

' replace b1g coal frred power statlons wrth
motre intermittent sources iti 1s crycialto-
predrct accurately how much power people
will tise and when they wrll useit.Soaraftof .

‘demonstration prO]ects around theworld . - -
have tnalled “smart grlds” that deal with -
electncrty ﬂowmg intwodirections— -
accommodatrng 1nd1v1duals selling power
back to the utility. company operating the - .
system—-ongrids dotted with networked .
sensors called smart. meters These beam:
backreal- -time, mformatlon on consumers
velectncrty use o he,utlhty company :

blackouts are commonplace Imtral ﬁgures
o suggest that allowmg utlhty companies to-
remotely monitor homesin thisway has - -
shortened the duration of the: averagehome’s
" power outage by 2 hours, and allowed people :
5to spot costly’ energy draing in thelr homes: .
Although promlsmg, th1s approach requlres
compromlses from'customers; Utlhty
compames need be able to remotely tweak
energy- hungryapphanc‘es tobeturned _down
“or off for a few minutes toprevent tripping the
system when demand starts to outstrip supply.
Not everyoneis happy with the idea of .
utility companies reaching intotheirhome: -
A proposal to make thesekinds of smart . -
sensors mandatory in energy-hungry..
appliances such asfridges and freezerswas ..
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. -,condltloner pool pump and washmg

S that $mart meters were vulnerableto .
- computer worms and modelled how they

-' turnlng off smart meters as theyient. Ross -

" Anderson at the University of Cambndge has -
. shown that hackers could go through meters
" tobring down the entiregrid. .

’ complete separation from the grid remains an

‘European | Uniion'’s data protectlon authonty

determineif you “are away on holiday; or use -

‘isemerging thanksto advances in sensing, -

“energy | from the larger national grid when

machine.”.

Still, thereare other issues, Smart .
apphances and meteérs can gather dataonour
personal energy use for theiri owniends: The -

last year warned that smart meters could

a spec1f1c medical device ora baby monitor”.
The biggest: problem, however, is hackers. -
Linking the entire gridto people’s hornes
leaves both wide: open In 2009, Mike Davis of
Seattle-based security firm IOActive warned-

could spread rap1dly acrosslarge areas;: .

What's the alternatrve? For. the 1nd1v1dual

expensive, unrelidble option suited onlytothe
veryrichorto determlned eco-warriors.

Buta small group of energy researchers is:
arguing for a third possibility; which they say

local storage and small systems fortapping -
renewable energy such as rooftop solar panels
and micro wind turbines. Atits heartisa.-
vision of* commumty grids” thatrely mostly
onlocal énergy sources and storage. They buy -

]OANNA TARLET-GAUTEUR/PICTURETANK

P

necessary, but can also feed renewable

maingrid, freemg itupto run ong hrgher
percentage of renewable energy SOurces..

" Itstarted wrth small grlds that have for
'decades successfully alloweda rangeof .
self contamed commumtles to

. Most of these derive their electncrty largely

. from constantly available sources like diesel
. hesays:“In Cahfornla you canalready reduce

generators and batteries. Not all, however
amicrogrid at the University of Cahfornla in

‘SanDiegoadds clean sources hke w1nd and
‘ _sun to the mix. : ‘

by sellmg energy, alon,
grid withaback- up su




Clean by 20507

Many countnes have set ambitious targets to derive high percentages of their electrlclty from renewable sources by mld century

Todayfs power grlds will have to be drastlcally updated to accommodate the lncreased useof renewables and thelr storage )
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“The average US car is driven only 1 hour per -
day, thebatteries are huge, and thetimes of
use are fairly predlctable, says Kempton
":When pligged in, the c1rcu1t gueries the .
grld every 4 seconds and receives a signal
telllng itto elther charge drscharge ordo.

: nerther dependrng on what the grid; needs
Kempton recently compared this Grrd
Integrated Vehlcle (GIV) system with |
warehouses full of batteries and hydrogen

Tuel cells “All three work, but GIV isthe least N

expenswe way’ to doit,”he’s says
Of course the future for ele hlcles is:

» aren 't the

rec ntly sugge ed that batterles bullt into -
electnc horries sheating systems could do the
same ]ob (fouirnal ofPower Sources, vol 225,
p 60) Indeed, in theory, pretty much any
device could doit, “If energy manufacturers
start 1ntegrat1ng energy storage inito: air -
,condrtroners and refngerators, you’d buy

Community gnds C
could make central
powerstatlons a
thing of the past

In many ways electrlc car batterres are the o ‘
perfect storage medlum for renewable energy.

v ‘Technology in‘Atlanta is working along the e
same lines. “It’s a bit like an operatlng system -

a refrrgerator w1th an energy—storage system
and solar panel,” ‘says Ryari Wartena, - :

co-founder of Growmg Energy Labs In

San Francisco;“You'd have little bits of energy

'storage everywhere and now you're ng longer

a consumer butalittle micro-utility.”
One isste w1th this vision isthatthe average

. person could not be expected to program their-
car battery to make decisioris about whetherto
‘store they power from the1r solar panel or feed it
i comphcated than p1oneers enV1s10n The cost-=
 effectiveness of storage increases
' says Mark O Malley, dlrector of théE ectr1c1ty
- Research Centreat Umversrty College Dublin .

into the grid. Programmmg such decisions

E ‘ requ1res the skills of a specialist. It's the same

issue that delayed the mainstream adoptron of -

- . cars and mlcrocomputers Butassoonasa -
. user—frlendly interface made these accessible . -
-to the masses, they qurcklybecame ublqultous '

‘ Rewrrmg the world

Warténais workmg onjustsucha system for

- community gnds Heand histeam have .
‘created an operatmg system thatlinks
" together every electrical device inthe home,

including smart sensors and storage batteries,

.and coordinates theiractivity with the grid.

“We're developing the » technology that allows

. everyone tobean energy operator and to be
_ partofthesystem. And wé'llautomate it so
- youdon't have to worry about the sc1ence .

“behind it,” he says. o

Ateam atthe Georgia Instltute of

onlya httle more complex,” say$ team leader
Santiago Grijalva, He predicts that the future

. grid will consist of billions of networked
* storageand generationdevices— “home

appliances, buildings, motors, elevators

_ everything”. To coordinate the interactioh of

all these pieces, Gr1]alva s team has created a
systern thatcan ass1gn tasks autonomously so

. thatusers would not have to be bothered with
figuring out where and when to divert power. -

This system could also help route around
power fluctuations caused for example, by
adead car battery or a cloudy, windless day.

" Grijalva says that a system where energy

is produced in sriall quantities from wind

“turbines, solar panels and other local sources,

, energy securlty and sustamabrhty, they need
“'to deploy massive amounts of drstrrbuted

: 1t makes it 1ncred1bly expensive” . 7. ) .

energy generatlon and storage 2 hes says‘ iy
- Granted, there is somje resistance to the ea
that this approach will change the world.", .
- First, the ideaof local storage mayb more

vith scale,”:

inIfeland.“If you piit storag/e in everythm i

0 Malley agreesthatthe gr1d needs to be-
1mproved buthe’ thmks we should keep to .
large-scale systems.“The power gnd isthe -
most reliable thing we’ve ever done,” he: says
“It’s there, it’s fundamental to soc1ety, it's..
1ncred1bly rehable And thisidea thata few

. dreamers can come in and because of IT w1ll

sort outthe ‘old andlne 1_c1ent grldls P

complete rubblsh The: people who really o
understand it arethelndustrypeople S
‘ Some 1ndustrypeople however, seeit L

, comlng and are rattled In ]anuary, the
- EdlSOIl Electnc Instrtute the US utlhty trade

began areview of the carbon reductron .
potentlal oflocal; commumty Jed energy -
prO]ects ‘The gnd will change the only '
questionis how radical the overhaul willbe.

And the enthusiastic newcomers tothge energy
\ world are unrepentant.‘T'm. dedicated to-

séeing this happenin iy | lifetime,” says
‘Wartena. “It’s the way that everyonewantsto -
‘seeit. Wehave all the pieces, we have the
strategy, the manufacturers want todo thls,
the utilities know that they needtomakea-
move.” Afterall, he says — “nothingbeatsa’
good plan except fora better plan" B

Carolme Wittiams| Isascience erter based in
Surrey, UK v
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