NCROWDED

ng three or %_2:._/%.“.:;.1m:;:.«,mﬁ::ﬁ: zwcéwﬁc:.ﬁmm
cotls
sred myself and everyone i my group, hecanse | was not

¢l that you are doing well and do-

psed with heatsiroke, because 1 was not really in

& the need to want to
“we are nat real about where we are, we are not going to
in this wilderness.”

1o do to suwviy
seem to realize, he added, that it is not Hke we're on the
have to avoid the iccberg. Weve already hit the iceberg,
hing in down below. But some people just don’t want to
want to give up on the buffet. Butif we

foor; others don
hard choices, nature will make them for us. Right now,
diess of the trze scale and speed of this problem remains
i to the expert seientific conmunity, but soon cnough it
Iy obvious o evervone.

e wrong: [ take succor from the nuber of v

by this issue. And as the Creenasathistle.com blogger
1, “it's better to be hy soeritical than apathetic when it

sung people

witonment” —as long as von know that's what you're do-
ou keep moving in the right diection, and as long as you
s planting our flag zﬁ:ﬁ::_mr that

ely declare victory. It
the most trouble. And that’s 5_.?: we've started doing
brand, some green buzz, a green concert, and we're on
ing the problem. Nota chance,
we were climbing Mount Faerest and we reached base
owest rung on t rc mauntain climb, and decided to look
wiy our gear, pal our Sherpas on the hack, .L:; opet i cel
v, said Jack Hidary, the energy entreprene “But mean-
Fverest. all 29,000 fect of it f:: Jooms tnwc_‘n s
d it aetially look like fron the top of Mount Fverest? That
a truly disruptive and transformational clean power revo-

7 Tumn the pag

The Energy Internet:
When I'T Meets E'T

Revolution 1s net a dinner party, ol an essey, nor a painting, nor o prece of embroidery;

it cannot _‘um\ h:?ﬂ:awmk zavwwmvw _,‘:‘QQM:Q_‘T.,, ﬁbﬁ...mw,r_%mﬁ. ﬁ.ﬁ:xmmmﬁqﬁﬁmr.ﬂ H\Quﬁmiw.ﬁ:{ \uC?.m_w.T,_
) ; B Ea ER *
wo__.aw.z? et QWNQQQM.:J.

— Mao Tse-hung

hat view from Moun! Everest would look Hke nothing vou've ever
seen. Actually, being a parl of it would be like :og::m vou've
ever experienced, either. It would feel ke all the power systems
in your home were conununicating with all the information systems m
your home and that they had all merged into one big seaniless

. platform
for using, storing, generating, and even buying and selling clean elec-
trons. It would feel like the information technology revolution and the
energy technology revolution, I'T" and ' had :.Ewoon_ into a single sys-
termn. It would feel Yike you were living with an "Lnergy Internet”

I reals

this may sound like science fiction or magic. But it's not.
Many of the technologies that would make up an Energy Internet—a
term used by The Fconomist to refer to the “smart grid” — already oxist or
are being perfected right now in garages and laboratories. What we need
MOSt NOW are %n ::.cﬁ,.ia government policies— laws 1d standards,
taxes and credits, incentives and mandates, mininmuns and maximums -
to guide and stinnlate the marketplac
to commerciali;
life sooner,

to drive that innovation further,

these new ideas faster, and to bring this revolution lo

This eliapter is the first of four that will describe what a system of

clean power, energy efficiency, and conscrvalion would look like and
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how we might bring it about. This chapter will describe how an Energy
Internet would enable you, me, and your next-door neighbor to do ex-
traordinary things by way of saving energy and using clean power effi-
ciently, and do them around the clock, all the time, whether or not
vou're thinking about it. The next two chapters will describe the inte-
grated government policies we need to guide and stimulate our busi-
nesses and mvestors to commit the capital we'll necd to erect such an
Energy Intemet and to invent the abundant, clean, reliable, and cheap
electrons we would need to feed it. Those will be followed by a chapter
on preservation: how we can also create the policies for the preservation
of the natural world —the plants, animals, fish, oceans, rivers, and forests

that sustain life

Taken all together, these chapters will explam what an REEFIGD-
CPEERPC < TTCOBCOG —a renewable energy ecosystem for inno-
vating, generating, and deploying clean power, energy efhciency, resource
oal, oil, and

praductivity, and conservation < the true cost of burning
—actually looks like in the real word.

While many of the raw malerials necessary to make this systern a real-
ity already exist in some form, it will not be easy to implement—no rev-
olution 1s. But this definitely is not science fiction. So keep an open eye
and an open mind, and remember what the late, great science fiction
writer Arthur C. Clarke famously observed: “Any suthciently advanced

r

technology is indistinguishable from magic.,

efore we lift the curt

thing really mundanie. 1 need to explain how our current electricity
systemy in America, primarily based on a network of publicly regulated
utilities, actually works. Probably the last time vou stopped and thought
about utilities was when you landed on one in Monepoly and had to de-
cide whether to shell out $150 to buy the Electric Company. That was
case for me before I started researching this book. 1 knew
fation was. | knew.
ab-
solutely nothing abeut this thing called an electric utility, which W:,o,_&&
the electrons that powered my life every day. | knew we got an electric bill
once o month and paid it, but that's about it, Well, our power utilities 8¢
more interesting than you think—and they are also more critical to get.
ting the Code Green revolution right than people realize. .

in on this magic show, 1 fist need to do some-

certainly th
how my car worked and where the closest gasoline

where my local water tower and pramping stations were. But 1 knew

THE A
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You may think you can skip this part, Don’t. Love them or hate

ooy oy think y e,
acal and regional regulated ¢

ot of oo Teated eclie JM,:.:::...@ are going to remam af the
ey ); w dUOIS energy system tor a fong time, If we are going to
uild a clean energy platform, it will be targely through the actions jn-
plemented by and through America’s electic ulilities. They |

ente o y have the
custorner base, the ability to raise |

. ige volumies of cheap capital, and
the installed technology infrastructure that we need o drive
velopment of an Fnergy Internet. And the public trusts utilities. 1t is no
accident that when people want o commis fraud, one of their ﬁ;.‘,a.ﬁ.:.,
strategies is to knock on someone’s door dressed as o . ,
the local power company. Hey, come right in!

So how has this utility systern worked up to now? The electric-utility-
centric. power systern that exists today in the United States, and :E.AW
other countries, was constructed according to one ov ,
the obligation to serve load. T'his came abou
ment in which local and state governments

the de-

ervice [PETS0N fre 11

rarching principle
as the result of an armange-
_ , , and the regnlatory boards
they spawned, grante monopolies 1o power companies | h..i.w.r.‘.w:ﬂv to
provide &oﬁ_,mnm% or natural gas to customers in a certain region. In H,c..
turn, those utilitics were obligated to do three things: to M:,..H:mﬁ.? redson-
ably priced power, provide reliahle power M.H.n?.n.,,,“_wz.ﬁ. ¢ that QEE be
counted on 24/7/365), anqd provide ubiquitous power :.v:;i that éc:.&

vw available 1o every customer who wanted electricity in that utility’s re-
gion of operation). , ‘
This was a sy

‘. tem that Sanmwel Insull, the commercial protégé of
Thomas Edison, crafied and sold to government agencies over one humn-
%.& years ago. It provided tangible benefits 1o utilitics—which Q:.%_w
Hmw.ww.m::n_m cheaply and effici mitly to make the big power plant and :,&.:;
Tission investments, hec ,

teed a customer base —

and ause they were guar:
O customers, who for decades got cheap,
POwer. : :
woé <§c,ﬁ. publicly regulated utilities Hved up to this bargain very well
er 1eriea’s ore : . o
mg America’s growth throughout the twentieth century.,

:ﬁ.m.ﬂ he utility regalators who set the rates are typicaily called public
tibies comnmissions, T | .

reliable, and ubiquitous

.

St 1e comnussioners are usually appointed by the
- :m vemor or legislatnre, while regulation of interstale electronic com-
CIee 15 handled

from Washinel e Federat I .

. : m by the Federal Energy Reoulatory
Oos,ﬁ%i:.v ) . 5 3:585
- Butthere were
86 with it 5 ofte
Qver the ve

downsides to this I rgely state-by=state system, Th be-
nsaid that the American electricity grid that evolved
ATS . . o i . . - LT . .

ars, witly ald i power stabions and transmission lines, is the
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biggest machine man has ever made. It may or may not be, But one
thing T can tell you for sure about this grid—it is the dumbest big ma-
chine man ever made, and it isn't just dumb in one way.

I know | am being a bit unfair here. I terms of raw scope, the electrifi-
srica’s hores, towns, and factories, wherever they were, was

“ation of Am
truly one of the great engineering feats of the twentieth century. Qur econ-
omy would not be where it is today without thal achieverent. But while
this grid was indeed ubiquitous and reliable and provided cheap power, it
was not built with any intelligent design. 3t just emerged, utility by utility,
lance sheet, local

service territory by service territory, balance sheet by b
mmarket rules by local market rules. America, to this day, has no trae national
actually a national patchwork thit makes the Balkans look unified.
companies 11 America,

eyicl. 1t

Today there are almost 3,200 clectne utilis
some of which have service territories spanning huge swaths of nultiple
states, while others serve just a single township or part ot & connty. Fventu-
ally these electric companies and their power lines coalesced into three
regional grids in America: the Eastern Interconnection, which includes
the eastern LS. seaboard, the Plaing states, and the eastern Canadian
ern Interconnection, which continues all the way to

provinces; the W
the Pacific, except in Texas, which has its own grid —ERCOT, the Elec-
tric Reliability Council of Texas. That's it. That's our electricity system.
There is surprisingly limited integration between these regional grids
and even between the individual utilities within each region. Imagine
hrving to drive across America, from New York to Los Angeles, without
our hterstate highway system —taking just state and local highways—
and using only county maps to figure out where you were going, That's
what it would be like to try to send electrons from New York to Los An-
getes. The fact is, you wouldn't really want to send electrons across the

country, because too much electricity would be Jost in iransmission. But

this patchwork is still a problemn. 1 is very difheult just to move electrons

around within regions. Imagine trying to drive even from Phoenix to Los

Angeles only on local roads, and you have an idea of what itis like to 1Y
to move clectrons generated at wind fars in northern Arizona t0 malr,

kets in southern California.

The systen is also dumb in terms of pricing. Our utdl 5
11y undiffere™

amount for
H.Emm

tric power very reliably, but the electrons they sell are otz
tiated electrons. Thal is, v most cases you pay the same
clectricity that comes imlo your home no matter how it is gene
coal, oil, naclear, hydro, wind, solar, or natuial gas-—and no malte

Hies deliver elec .

: ..Aommmmw a rever

- Mitia] e quest
hougs

¢ what ..romﬁ wh

THE
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E.Zo. of day il 1 generated, whether at peak or offipeak d
You cannot differentiate. You pay one
one bill, whenever the .

emand periods.
price per kilowatt-hour and get
ectric company gets around to r cading the
meter on the back wall of your house. There’s nothing in the electric
power industry loday that even remotely compares to z:w detail of 4 : |
phone bill . | S

Finally, the utility system is damb in that. in most ases, there is
fwo-way communication between you and wﬂc:_.. :M_.ﬁ_“:ww;mw;m%_M Hmnmwo
sumer cannot demand, and the ulility cannot provide, a %nm._.mo m:.a of
electricity generation for a specific price to a specific machine, And
when the power to vour house goes oul, in most of the United mmxm_c.ﬁ you
have to telephone the dlectric company and let them w:@%. %ﬁm _M:.VE ;
has no other way of knowing, . - ’

w.% God bless the grid; while it is ¢ ally dumb, the electricity it has
provided was, for many years, ch cap, and always ubiquitous and reliable -
50 reliable that most Americans have never cven asked zwm:‘am_./ﬁw .E.W_A_,S
it came frony, how it is made, or lrow it winds up being W_::M‘_m%im_ /
available to flow out of the wall sockets on demand. We st m%mo_.: Mw
be ﬁ.r,ﬁﬁ and when itisn't, even for fifteen minutes. there is hell to pay.

:ﬁ state-appomted regulatory boards tell each atility operator how
:Enr.: can charge for every kilowatt-hour of o?c:.:.;.?.‘ The M.n_a:_&.om,
basically instructs the utility: “You will generate cheap, reliable m_.:,m.ﬁ.:;
S.cm pawer, we will give vou a monopoly 1o do so, and every few W\.Qﬁ‘.m we
will determine the vate at which vou can serve Toad in your area to enstre
wrm: your expenses are recavered andihat you gel a _:,m._x;, returs on cap-
ital to un the business—provided you dlo your job right.”
momwm%mwmwww_w_w _MHMHMWMHCM mw.i the utili ty operator work out a plan—

s ¢ . E Sereey fo .y sy p oy pnar 1 P . N
il apial budget T il th oty et e
“Here is how | ::mwi 0 serve w.._.? ﬁ st , ﬁ :VM: e Wn._mmw:m_c_,u
provide abiquitons uc,.a. ,, e ' :M .Hu:%_v..n__._ﬁ meet 1y ovrm.&.r::_a #..c
many g uw.&__,wx ; MC. as o reaply E:_.Er;_u.q as I can—with this
once gt ¢ E_uv“.c/w,mz_m Hvuoéwu.... “,ﬂn,_“ costing this mEnr:Eo.:Q.: And
tecover ths 1y :.w .UV _m ,nﬂgu_nr.wr“: says to the ._dw:rma:, Fwill need to

Andso e ¢ :.ﬂ ‘c r.ﬁ..;.é mm w.__: s¢ Costs. .

- regulator takes the utilitys statement of its mon

A

tary needs
e requirement), chops it down @ bunch—because the
_m,m@:::w bloated—and then divides it by the kilowatt-
" %p_wmu_,__”mwi_ to xé,. ‘.f?: becomes the price per fwo?_:;

ity then charges the consumer for electricity. That

e ufili
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price is caleulated to cover e utility's fixed cost of operating ity existing
power prants and the cost of investing 1n new plants, as well as the vari-
able costs of the fuel that goes nito generaling the clectricity —that is, the
coal, oil, natural gas, or wraniuny —plus the costs of labor, taxes, and in-
surance, and then a cherry on top: some after-tax profit for sharcholders.

T pul it at its most simple: Utilities made their money by building
stuff—more power plants and more power lines that enahled them to sell
sore and more electrons to more and more customers —because they were
sed rates on the basis of those

rewarded by their regulators with iner
capital expenditures. The more capital they deployed, the more they
made. And since their new capital investments had to be justified by
growth in demand, the utilities were motivaied to encourage consump-
tion, which in tarn cx .ted the need for them to invest and build more,
d income. The cycle be-

which in turn triggered the reward of mereas
came almost Paviovian.

“yink about a utility,” said Raiph Cavanagh, the legendary utilities
expert at the Natural Resources Defense Council, which has spurred in-
involves enor-

novation around utilities 10 California. “Their busines
mous sunk costs that must be recove red regardless of how much energy
they sell, H they invest in a new natural gas power plantora wirk] fan,
“+ can cost hundreds of milions of dollars, even billions. And those costs
do not vary if you, the custorner, use more o1 fess power. So the utility
liad a vital interest in boosting electricily and natural gas sales so it could

he sure to recover 1is fxed costs”

I many ways, yous Tocal uility was

dollars buffer” explained Peter Corsell, the CEO of CridPoint, which
makes an apparafis that can manage all the power systems 191 your home.”
reliable, cheap, allyou-catt

at power.” And we came 10 {liat buffet every day, and we ate whatever W

“They were paid by the ¥ aulators to provide

wanted. And it was always open. And it was always cheap. | ife was moom..
One reason it was cheap, thongh, was that the public ¢ nd the reguld:

. two additional things at this

OON eriHs

it

tors never asked the utilities to ser
buffet. We didn't ask that the power they genesated be free of
sions. (We asked that traditional pollutants, particutarly ercurys
gen oxides, and qulfur onides emitied during the coal combustion P o
he removed, which the utilitics did very well, but not carbon dioXt q,.%m
And we didn’t encourage them to offer energy efbiciency programs
@E:xn:nﬁ::zmn3,,:,_55_.»&5 d‘os.m&nc:wc_jﬁ,mwcim

ving energy

“like a big allyou-c: preat-for-five-

Q@nw.o.m.

OCeESy

The

orlo

THE ENERGY INTER

I

enable consumers 1o respond to changes in supply or prices, so they
could buy more electricity when it was che: per to m?.aﬁ_.m 5 W vc, : wF,
Erﬁ; it was more expensive to generate, S

___,:m q,m.Eu_Ea.f. on cheap trumped efhciency and global warming
considerations. 1t made sure that utilities relied as E:am % uchE i
mo.m_.w plants. And for many years, if utilities could deliy u_ m_mnﬁ:n_m\o:*
a :_QE a kilowatt-hour, few people cared if those coal _u._m:.».m mu.ww M
o.E. millions of tons of CO,, and few people cared if you :é% th ‘n_
kilowatt-hours very inefficiently or in wasteful DEU:S_@;. m..w mﬁ.:ﬁ“
the regulators pressured the utilitics to keep prices down and f
where possible on cheap sowrces like coal. B

1

.ﬁ.:u mandates for “ubiquitous” and “reliable” also worked against cf
ficiency. Why? Because they required utilities to overbuild mzwﬂ ,.W:,v. WU
nmﬁmoﬁ_ so they always had an adequate “reserve margin” - at m._,m.mmm.u,m
which was passed on to you—so they could always meel ﬁcmm _ﬁw,:w Mm,f.m
mand on the very hottest days, which might occur only once ﬁ..:‘ ma.momn,,
summer. Adding supply was always the answer to ?gm__w.. E,czﬁj C m
trying to manage demand. \ o
But then one day a funny thing happened on the way to the all-ye
Mocrw,m% electron buffet, A few people—like Al Gore ~started M: MMH!
ot e e e e
pret: And then 1 ﬁc:. ?:ym Ai. W. | e ,::z. of the buffet ,::a and told
by i m:,v\o:-om_w- oo 1t s mcw:m on 9# back? Do you know
A . sJectron buffet costs only 557 It's because there
are all sorts of costs being incurre -

N . d that are not being passed on to us cus-
12 - They are being paid by someonce else.”
,Wom N g P a. P . - M
ety e M.Mav Q_C e heing paid by society at large or charged to our chil-
v credit cards. In particular, the cox aturz i oi b w
et particular, the coal, natural gas, and oil that were
consing Wmm W wse cheap electrons for our allyou-can-cal buffets were
§ obal warming childh astima, acid rai ation
globa ming, childhood asthina, acid rain, deforestation, bio-

- diversi

Civessity losg, , :
s B .~:Q yetrooied: | 1 .- g .

o intg ﬁr“ an petr x.rin.mc?:%? wid o one was {actoring these
" ¢ price per kilowatt-hour you were paying. And since when

Something ;

ething is free, or praclically free, p

g1 free, or practically free, people usnally demand mere of it
B 7

ore cl
heap electrons wer .
i trons were dern: el vesre cleclrred
1ing out back, manded, and more destruction was occur-

seonle rom _

ufmﬁm Mo_m Wﬁ W:%:_:m these buffets are your neighbors and mine
Systen was set o harm m.cm.::. Ihey're part of it. But the Dirty Fuels
Cup to reliably deliver allyou-cancat electrons at the



224 HOT, FLAT, AND CROWDED
cheapest price to every custorer v o wanted them (and low-cost gaso-
line to every driver who want d ity even if that meant devastating our
ecosysterns and climale as side effects. We just didn’t make all the con-
nections until recently—and many people still haven't

Now the public consensus is shifting. Now we are beginmning to un-
derstand that we need a new system —a Clean Frergy System. We still
want our electricity and fuels to be cheap, reliable, and ubiquitous, but
now we also want them to come as mueh as possible from non-CO,-
emitting sources and via a system that promotes energy efliciency and
I be more specific,

conservation, not just consumption and pollation.
roughly 40 percent of America’s tolal CO, emissions come from the pro-
duction of electricity used in homes, offices, and factories. Another 30
percent of American emissions come from the transportation sector—
primarily cars, trucks, boats, trains, and airplanes. Soifwe could electrify
all of our transportation fleet, save for airplanes, and make all of them,
and our buildings too, vastly more encrgy cihcient at the same time—

and then supply this whole 70 percent, buildings and transportation,
with clean, abundant, cheap, reliable clectrons through a smarter orid—
that would be a revolution. It would be a giant step toward reducing
America’s consumnption of fossil fuels and our carbon footprint.

That’s the real green revolution we are seeking, Butitis still too ab-
stract for most people. So let's hop inte a time machine and see what it
would actually be like to live inside a real green revolution in the year

o

nergy-Climate 1o

208.CE.

vur alarm goes off at 6:37

Comes the Sun” just as you programmed it
10,000 wake-up songs offered by your utility in colla
phone company and iTunes. You have 110 alarm clock. '
tually playing out of your home phone speaker, which itself 1
into your home Smart Black Box—or SBB as 1t
has an SBB—your own personal energy dashboard. Just as when you st
up for cable television you get a set-top box or digital recorder ;a..h.m. H_ﬁ 1o
when you sign up for the Energy Internet wit I a progressive ulility,
Duke Energy if vou live in the Carolinas or Southerm Cali

a.m., playing the Beatles ¢ .
fo the night before from
horation with youT
he niusic was 8¢

vou five ouf wesl, you get an SBB.

Jassic “Here::
is H_Emmﬁwmm..
catled. Everyoné nov.

like.
fornia Fdison if

THI

ENTRGY |2

SWHEN IT MEETS I

Ifis o microwaye- z¢ hlac s 1
crowave-oven-size black box that sits in vour hasemen

| Ha tand in-
tegrates the controls and assuires N

grates the ¢ the interoperability of all your eneray
comunications, and entertainment deviees and s avices. That inel mw
xﬁ:ﬁR:%S%:.Q settings and other energy preferences in every .mcﬁ X .Mw C
lighting, your home alarm system, your Nw\\%ba:@ and .n?x??;. ,::U. w. MS
NS\M&. connections, all vour appliances, all your ente ot donicer
an \ .

: . | Aainment deyices
and your plug-in hybrid electric car and it storage battery. The SBR u
M,HSN iouch sereen can tell you exactly how much energy any of the
Is consuming al any moment. - |

r s
s diy-
se devices

Your car, by the way, is no longer called o “car’
RESU, or wolling ener, : . . .

1S energy storage 1, as “I i ﬁ
Frﬂ:v: i terg) storage unit, as in 1 drive a Ford Mustang

LU e term Tear” is now considered so. coe et |

T e b ot m.:: . dered so, gosh, twentieth century.
o s o e only thing considered old school. In the early years of
e ftnergy-Liimate Fra, we %:.%SEQ from an Internet that connected
comniters and a ‘&\E.E Wide Web thai conmected content and Web site
wu M: Internet of Things: an Energy Internet in which every device— from
ight switches to air conditioners, to base . b .
g . s to air canditioners, to basement boilers, to car batteries and
ower [ines aria . could in.
w er lines «.m:o__ power stations— imcorporated microchips that could in-
orm your utility, either divectly or thr m SBB, of ] .
oo % h ctly or z._:ozmb an SBB, of the energy level at
o Was cheraling, r:_%Em_‘:z..w%.m from you or your uiility as to when

wuld operate and af what level of power, and tell your utility when if

waitte chase or s ric
d to wx:.amo_vm or sell electricity. You and your wiility now have fs
way communications, \ -

It is now called a

e

%D.——L N\ y . ; s L . . v
ol it heating and air-conditioning units, your lighting, and all vour
NQQ.HW\-".K’ N ., . . . - - & 7 \.. £
e ces—your dishwasher, dryer, refrigerator, and car battery—can
e progranime s | for clectricit
s 3.\ . o%.%::ﬁl fo run al lower levels when demand for electricity on
.%EM M\M is highest and electrons are most expensiy u
cted o run at full . "
uller power dur; ¢ i ot ‘
electric car 1 Swn:w _w, during the night-—or, in the case of your
» RO CRarge and store energy o, w
Towent oy g store energy al maght, when eleciricity demand is
: 4 power is cheapest.
Have ng feqr. §

, and they can be in-

Thore gy . s wm:w.:m iup %:. this F.:& of system is lotally voluntary.
have an SEB WN Sw Hwh. who will %:‘mmm yone to do so. If you doi't want to
your &mmi&@ :Wm h.ﬁ%ﬁwﬂ .\_.5: don’t have to have one. You can still pet
OBtout yop g . :.NM,.NQW :.E.m.mn__d c:::@m way. But have no illusions: If you
.mﬁ. U, hecayn e N:.‘MM.M,‘WM :.:o d mm:nﬂ:.m customer pool and your rates wifl
‘ mw.mdﬁ O inside v 5 “_H ¥ E: not be able to optimize the energy usage (o
w@.mz.mmﬁ it M.u _E _.S.:E —and ::.@. customers will not be willing to

. Tates o subsidize your wast oful and envivonmentally irresponsi-

bl o

" behayig,



FUIN L A ENAT NN LS

After you read the newspdper and have your morning nc\.w.n@ you call
up the control panel of your SBE on your iPhone or your w..,xg%mﬁ.q
or your home computer. 'This colorful, easy-toread sereen will tell you
hesw much power every device in your home 15 using and how much each
Eilowati-hour costs at that time of day on your personal energy %E:.;

That's right: your own personal energy plan. Your ulility now offers a
number of different plans, the way the phone company does, so you can
program your home’s energy use — for lowest cost, cleanest energy, maximun:
efficiency, or time of day you are at home or work, among many other chotces.

The most popular option is the “Bargain Power—! ghts and Week-
ends” plan. This plan helps your utility to both balance and reduce overall
energy demand by shifting electricity loads from peak ?z: of :ﬁ day and
evening when ¢lectrons are most expensive (o off-peak hours al night when
they are cheapest. Through your SBB, your utility adjusis your roﬁ..m. ther-
mostat up or down, very %:m::ﬁ and msfrucls your :ﬂ,ﬁ. heater, refrigera-
tor, and air conditioner to cycle off for short periods of time—so short thai
vou don’t even notice. It also allows the ulifity to run your %.&.:E. her and
m;@. overnight, and even to um off all your extertor lights for a few min-
ules at a time. o

In retumn for letting the utility manage your energy use in this way, you
get a 15 percent reduction off your monthly electric bill 1t 1s a m%ﬁ deal
for the utility, because it can now use ils existing power plants with greater
efficiency-—as the load peaks are being flattened and the load valleys are
heing raised — so it doesi't have to build new one: N.H.E ?. \Em% \_Mo:u.m. .

Another popular plan is the one called “Day-1 rading for Llectrons.
Under this plan, your applianees can, in effect, become your z:‘.ﬂcmmﬁ an
ergy shoppers. You program into your SBB t::.. you want cerlain of your
applianees (your dryer, your disTnvasher, your hot water heater, your ar

. A s el ehending
hour and that you want your fiome cooling or heating system {depenaiis

on the season) lo eycle down if electricity exceeds 1) cents @ kilowa i
. you Hommm. .
y i :mnm. :

hour. (You will put on g sweater or open a window instead.) So
the dishwasher before you went to bed, but it did not actuall
3:36 a.m., when your SBB detected that the price of electrons had
4.9 cenis a kilowait-hour. And your air conditioner cooled the :. s
day, until about 0:00 p.m., when rales shot up to 12 cenls d w:o“r%
hour - then it automedically shut itself off. 1Ecame hack on at 9 o i
the price of electrons fell to 9.9 cents a kilowatt-hour.

fallent

N o . 2ift- :
onditioner) fo run only when electrons cost loss than 5 cents  kilowaft

”.. g the }i

ouse all- .. “SBB eontrof pare

Tinute yoy Jgnd

- ..m.o:ﬁ the house
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This is a far ery from Grandpa’s day— pre-—-1 v.c.0. —when most utilities
charged a flat rate per kilowatt-hour, regardless of actual demand and cost
fluctuations. In this new era, all you do is choose the “f Jay Trading” energy
plan and your dishwasher and air conditioner, with their smart chips in-
side and working with your SBB, are day-trading electrons on vour behalf,
bidding into a real-time energy market every five minutes, to get the best
price automatically.

Most consumers don't realize i, but the electricity market is an instan-
tanecus, constantly shifting spot market, in which electricity costs hounce
up and down as much as tenfold in the course of a day. Your very simple
monthly bill with just one rate per kilowatt-hour masks this wild, gyrating
electricity market going on every minute of every day, with prices changing
depending on demand on your regional grid and available supplies from
different coal or gas power plants, hydroeleciric dams, wind farms, or ru-
clear facilities.

For instanice, when demand on vour regional grid outstrips the avail-
able supply of the cheapest electrons—those generated from coal - YOUT
utility has to call on its natural gas geverators, which means that the cosi
of electrons to the utility immediately jumps to the cost of natural gas.
When demand goes down, just the opposite happens, and the price might
drop to the cost of cheap nuclear or hydro power. All of this was hidden in
the Dirty Fuels System. But not anymore —not after vou installed your
SBB and smart appliances, and the utility tnstalled much more intelligent
technology on its grid, so your home could read the actual electric ty cosls
from the utility and run di cretionary appliances only when electricity hit
your price points. Not only are you now using power when il is mos
effective, but thanks to steadily rising efficiency

[ cosi-
standards, you are also

usmg less power, period. Your appliances loday use about one-third ithe

&%EQQ they needed to do the same tasks a decade ago.

With the smart grid, controlling your energy usage is as si miple as turn-
ghts on and off. Under both these plans, you just pres:
.w_cmc: on the SBB control panel when you walk out the door and all the
”Hmﬁw and every appliance in the house will shut down or go o is lowest
necessary power settmg until instructed otherwise. You can call up vour
Lon your cell phone and tell your house to “wake up” the
atthe aivport affer a long trip, so by the time you get home
avatlable in the shower and the air conditioner has cooled

the “sleep”

.w.mm kot water is
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Electricity is all abaut on/off, and the purpose of the smart grid is to
make sure that whenever electricity is on, it Is at is most productive. Why
should all your appliances be on, suching up what is called “vampire load,”
when you are not home? It is hecause your appliances are too dumb to
know hetier. By furning appliances on and off al the right times, the smart
grid can virtually eliminate the vampire loads that can consume up to 10
percent of all the power in a household. (Of course, when you do need to
run your dryer or dishwasher at a particular time, you can just override the
audomatic controls, and the system will power the appliance using the
cheapest power available at that moment.)

Your neighbor, who is a green fanatic, signed up for the “Fuels from
Heaven/Fuels from Hell” plan. Under this plan, you pay @ premiunt every
smonth and the utility agrees to cover every kilowatt hour you use with clean
power from wind, solar, geol hermal, or hydro—so that you are using no
fuels from hell. This doc ot mean that your power is commng from clean
sotirces for every second of every day. It means that every month the wtility
has procured an amount of clean power—tied to spe ific and actual gen-
eration sources— equivalent to the demand of all those customers on the

“Vuels from Heavenfltuels from Hell” plan. You ean feel hetter about your
electricity usage because you are diving the uiility to constantly access
more clean power sources and thereby make them more cosl-competiiive.

You and vour neighbors also gol together and signed up for the “How
Slow Can My Meter Co” plan. 1t works like this: Where the four comers of
your backyards meet, you installed four tracking solar arrays, Again, you
leased them from your uitlity. The solar power feeds directly into each of
yaur four homes and actually slows down your electric meters— reduces the
amount of power you need to take from the grid— by providing you with
your own distributed power. Known as ROSUs— regional generation and

Just the other

storage units—the panels are maintained by your utility.
day, the Diike Energy truck was out replacing wo of your solar vmu&m

damaged in a hailstorm. No one had ta call the company. Fach panel 8
supercompuler, s¢ it could send &

conmected by the smart grid to Duke’
message immediately when a panel went down. What a contrast from 3.@
stories Grandpa used to tell about the days when a bad storm would %_N%,..
ihrough the neighborhood and his house would lose power, but the m.wnwmm :
company wouldn’t even know until he telephoned theni! What a pain ¢
must have been, Grandpal o

The utility was happy to install the solar panels, both hecause 1P

way o ear imcome through new services and hecause you live it @

- Noted eqrlip

..M.ﬁmv m part, by pre

Miscaloylated
mmmum Qm.wo ave
Tied elocyrio;

THE ENER(

hopuldate i re the grid ¢ |
N pulated area where the grid can often gel stressed at peak times —so h
g some cusiomers e dictr “ e i
" J ¢ customers use distributed power takes some pressure off the arid
s long as you can seamlessly and safely ¢ \  solas
g as 3 seanmlessly and safely generate your o wind or solar

NOQ#\» NO MMQJG un YOLET Nwm._ 1 et 1 :H I 1€ MMore custaner W1
(8 fIILS ) et Yo W (4 2
X  bette 1810 S ‘_;wC

Some of your relatives who live in Los Angeles have golten eve :
a&@:::\of. They got together with their wtility and nwﬁmma M.waw\w::wm
plan: the “Green Friends and Family Plan.” T _m.aﬂ ?.E.mm ::.??: M‘:\:
spaces belind the elemeniary school down the ﬁwm& ,4 hen :r ?M?w.:m
from Southern California Fdison a Bloom Energy res . el

. cersthie fuel cell ma-
chine and connecte e col e

d it o their homes. It is « bi
omes. It is a big black hox o .
e big black box about the size
w ~.U. > and 1t saves money, energy, and the environment in lofs
of ways. 1t ¢ e eleciric oy fom / A
! M can lake electrical energy from the grid late at night, when
ower 15 cliedpes 1 via A0 ) ¥ » .,
w wer Is ¢ Wma?\\,ﬁ and, via d process of eleetrolysis, convert water into hy
rogen and store it in a storage fank, anc \ ] pricity
o mﬁ | i a sturage tank, and then convert il back to electricity
1T . . - — ‘ i
i you M:ﬁ your neighbors to power homes or charge cars during peak
ours. when electrioi ic hurie e T o
, when electricity is hwice as expensive. It can take hydrogen or solar
power and comvert it into electrici s ter
Ye e nito elechricily —and the only “waste” is clean water
ou can even feed it agricultural waste. and it will use a little buili-in m:..
ndce fo corvert | , -
th mmo convert thatl waste info hydrogen and then electricity. Classes ai
e elementary sche , 1ir} the neishbor
el entary school —which shares the electricity with the neiohhors
mpete ov y can feed 1 X \. | i
pete over who can feed the Bloom Fneray box the most biomass and
generate the most electrons. o
Your utility is ]
our utility is happy o be offe - seTV .
o £ ) N: v {o be offering these services, because it's now mak-
ey [ron eacti one—rather than just selli :
ther than just selling cheap, dumb elecirons

at an allyou-c . 17

you-can-eat buffet. The regulators are

b - he regulaiors are happy to s
they believe: . o
!

ee this, because
these services henefit ¢ (, and
o \“ﬁ services benefit customers, help the enviromment, and re-
s Yty . . u ..
e on the grid, so that more costly
h, Wt you don't see, but what is huge
ernel—smert

power plants are not necessary.
e pulwhatis I ly important, is that this Knergy
gnd enanles your ulility (o use more renewable power. As

L i the old davs utilities
Fdays utilities always
10 ensyre that they .

four hottegt days of

S S RS
could handle all ihe ::.m.MM._NMMMMMMMMWMMHMMQw P
. ‘ s running on the
@.ﬁ swmmer, when energy demand peaked, They did
! %..n.::m demand and scheduling the supphy a day or an
tme. They got very, very good at that. But :;M i case they

o ran | X .
7 & ::c.a: unexpectedly long and intense heat wave
Throvisioned their grids |

ho

ur ahegd of t

ty on the | o that, ideally, no one would be de-
he hottoct e o 17 o

sounds wttest days. They did that by building extra perver

art—but i was anything but efficient. hnagine that

blants 1
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vou owned a factory that made greeting ,n%.%. If you a.%.”% Em.@. Wwwqc“mwmw
\a_.:_ﬁ vou would huild one ST ::Fe:. factory that ‘:_cm ‘ wv:: ? @:mm m.:!
every day to handle your standerd _E.aﬁm%. And then u‘c‘m.: c:m x.w o
other $10 million Jactory just to handle your exce .wvﬂwmNw@wﬂomamm WM\W
before Christmas and the 1:.%, days b _?ﬂ Mother s Day, M.Q E_ _Sm: Wm
and Valenting's Day. The rest of the year, this second factory iL w:. .u m.: o&m
nothing, but all the muchines would be on mﬁsz%.u% Fﬁ ‘\wwt,sw %ﬁ.ﬁ: e
there was a sudden run on birthday cards. That fs a red kv.,.:wm. N. )
o use capital, but that’s how we managed our utility grid for a long time.
et is i . +h, we can control demand,

Now that the smart grid is in place, 3‘::% 1, we o : conre ¢
Because either the utility or the m.ﬁarz.:e. is ahle E oww::wwm M_. :V_M\”m_w,wmﬂ
is used, so many more people E:.AE::.%QSV run M.._NE a N.&t% No_» wzmﬁw when
rates were cheapest and fewer things in the daytime when 1 MS :H\ ¢ e
expensive. The Energy Internet has become so smait ﬁ.%m.x\hw WHN H.m.w NSM mw o
to use power or when it would have to sell you powes ﬂ L:”.M?:m w memnoa\m
power off your car battery or F:,:Q solar xﬁﬁ,w_w,ﬁ.ri_w_ Mw. o:w n:wx:: e
mich more constant 305 days of the year. The ‘ m&@ .M Sw .::\M : H m,_i
can make its load profile throughout the day for all its E.;Mou:w“wM_Mw%:ﬁ
its peaks are not very high or are m::.w.:.w.&ﬁ Q_N,N.cm&bwy - w w“ MMH“ i
power plants it needs to build or .%S.E\.» [tis, in effect, substituting

freiencey for new power generation. o

m\?‘..m_ﬂwﬂ@,H«.H:W& t\:w FKN&.. I[nternet has made possible. m:_.V ; MWHM:QNMMW
increase energy efficiency. It has Sfcm WEQ% Nﬁum.mnmm_ﬂ.wm NM.MN:HH .N.U_N.N.O} e
practical for the first time ever. Why? Because the flatter you s
W_MMQ m:_\, the ﬁ.::.& il is able o go oul a:& m:w .M:. WWMMMH”W%WMMMM@MM
energy and sell it to you and your neighbors instead of energ)

m California Edisor v derives more,
L S e Salifornia Edison now de
coal or gaas. I 20 k.2, Southern Calif

: meray sources—wind and
than half of its power from two vast renewable energy sources ;

hon-sequestered
. . . SNUNOR - . i n.n:\uQ: seqi :
solar-—while using a mix of nuclear, natural gas, a

1 d
. md farms 1 onting did
coal for the rest. SoCallid has built huge wind farms m ﬁwv ’ %m%%
. | ! -independents alo
Montana, and contracted with many smalle: H:h\%mwxmmmr along
The Waon P 3 i g fourist site. like the Hoo
The Wyoming farm is so vast il is a towrist site, like the

turhines as far as the eye can see. N P ﬁgnxnﬁ.
.. . is large-scale renewable en
The smart grid made all this large K.Q_N [ R& ot they e
[ days, the big drawbuck of wind and solar we g
In the old days, the big drawbuck of win

k hui f i .
variable. The sun was there during the day, but not d Ty i i
most parts of the country tends to blow hardest at mgh o produce T
— P \ i . The ene .
morning— in other words, during off-peak hours. The
g . )

frig
) il stored ST

. N wmw:‘mm > sto

these clean renewahle resources could not be cost effe Y

ver Dam, Wi %

ghi. The wind in
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existing battery technologies. The most viable storage mechanism used by
the power H.:DNE,S\, was puamped storage —using energy 1o pump water uf
a hill during ihe night and generating electricity via fulling water during
the day. The probleni was that there were relatively few pumped hydro proj-
ects in this country, %mw were very expensive {o construct, and VO ex-
pended three units of energy moving water up the hill af night for every
unit you got back the next day, Those Jacts made it very hard for any util-
ity to depend on wind or solar for more than 20 percent of its porwer sy pply,
because it had to be backed up with extra natural gas power plants for
those days when the sun didi’t shine or the wind didn’t biow,

But now that we've moved to the Energy Internet— the
utilities can run your refrigerator or adjust vour thermo
when the wind is blowing or the sun i
with the demand. Therefore,

smart grid —
stal in line with
shining. 1t can match the sipply
it can use more of these renewable power
sources at much lower cost, When clouds block out the sun or the wind die:
down, the uiility’s smart grid lowers demand by raising prices (so your SR
decides not to do the laundry then) or by adjusting your home temperature
settings. And when the sun is shining brightly and the wind is i ling, the
utility runs your dryer at the lowest price. So there is now u direct correla
tion between how smart your grid is, how niuch nergy efficiency it can
generate, and how much renewahle power it can use.

tke all revolutions, though, this one changed many things

gs at onee.

When the smart grid extended into a smart home all the way to g

Smart car, it created a whole new enetgy market on the other side of your
electric meter, In the

old days, there was no market beyond the raw dumb

 electrons tha; care mnto your house. Everything stopped at the meter, and
- You H..:% paid the price calculated af the end of the month. But once your
ﬁuv&.mmaq& became smart, and a Smart Black Box was introduced into
Your house, ¢ markes was also created .o&d:& your meter and throughout

. H ur home, and, inore broadly, inside every factory and business around
i Mmmm ﬁDCS&Jx. .

._E.N.NWMMH:EE& have decided 1o step z;:.tam :::.._N,.ﬁ arid help vou So.t;
r sm 2 get the most cooling, heating, and other electrie-
cleanest, fowest, cheapest electrons. Most utilitie
> ave decided iy sorve gy facilitators for this whole new iichusiry
just m%&wm“ﬂ@ ,mm;;nw compariies, EESCs. The ¢ EESCs .NE.R emerged
wl providers 1hai crept ufy alongside the traditional phone

art home 1
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companies—to help you oplimize the smart grid for your home. The utility
has ereated this market by telling you, the customer, that it will give you
big discounts, even subsidies, for installing %E.mvr&ma__wmi &%mgwmﬁm or
weatherizing your home to lower your consumption of &m.n:c:_.. [ m.;.. Is
because the government regulator has cut a new deal with the :E&r
whereby the utility is now being paid for how much energy it can help jtg
n.:ic:mm% save—rather than consume! (I will explain this in detail in
chapter 12.) The EESCs then come in and help you do that job. |
Just the other day, a salesman from General Electric’ energy mmmnﬁ_mﬁ
service company came fo your door. Your home is twenly years old. The
General Electric EESC man offered this deal: First, for free, they would
give your whole house an efficiency checkup. They would bring in equip-

ment to pressurize your entire fiome and show you where all the heat and
air-conditioning was leaking from duets that had not been connected ?..ov.
erly and therefore were just warming the erawl space \E:n_ﬁ fo %m.&ioﬁ
ment of the mice. Then they would borrow the money to pay for sealing all
the leaks int the ducts and fissures in your roof that had been silently drain-
ing energy from your house and raising your monthly v:w by w:‘ percent.
They would also install more energy-efficient &%&m:nﬁ You don’t need to
put down any money up front. The EFESC would wrm.ﬁw with you the moniey
you saved on your monihly eleciric and gas bills and the money the EESC
would eant from selling the carbon credits on the global :::w& for reduc-
img your carbon footprint. The General Flectric EESC takes 75 percent of
the savings, using 50 percent to pay off the loan, and _NNQ@E 25 percent as
profit. And you get the other 25 percent savings. Your r.cna is yionw more Em.
ergy efficient and has a higher resale value. Meanwhile, .:§ Sears .mmwm
just dropped off a pamphiet offering you the same deal with a a.os% split]
Because the cash flow from all these efficiency deals is very predictable, the
EESCy can sell them to investment banks, which turm them into green sav-
ings bonds

y ;. . - office
fter you showered and ate hreakjast, you decided to head for the %M%
- . T . e ]
for your first meeting. 'This involved taking a short walk Smart
) o e m
twenty paces—down the hall to vour home office, holding your

- 8 S o isd and

Card in vour hand. Your Smart Card, which is sponsored by N< Jis iy

ied Airlines M just like a credit card, only slighty-
United Airlines Mileage Plus, looks just like a credit card, onb

: the
| e ot by of
thicker. You start your workday by putting it into the docks mo )
Sun Ray terminal, made by Sun Microsystems, on your home

~Indig, where
At94s am,

fce desk:

..@&Eﬁm
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That Sun Ray terminal uses only four watts, compared to Afty watis or
more it your standard PC. The reason is that there is no hard drive syck-
mg up energy. The Sun Ray terminal is just a screen with a slo beneath i,
but as soon as you put the Smart Card o the slot, it connects you to the
“network cloud” where ai] your software programs, e-mail, Inferner appli-
cations, and personal files are located. The “cloud” s a data center, packed
with servers, that is located close to a dan on the Columbia River, which
is providing it with clean hydropower to run all your programs (and those
of millions of other people) and to cool all those servers,

The smart lights in your office, triggered by motion SENSOTS, went on as
soon as you walked into the room, as did the air conditioner. No electricity
is consumed in the room when you are not there, very device, every new
home, and every new building is now built with steadily rising eff ency
standards from day one. In the 2007 energy bill, President George W, Bush
effectively outlawed the Fdison meandescent lighthulb, phasing it out by
2014, because it converts 9() percent of its energy into wasted heat—which
we all noticed when we bumed our fingers trying to remove a bulh before it
cooled down. Ii has heen replaced by a smart compact fluorescent. With
onefourth the electricity consumption,: it not only reduces the energy re-
Guired {o produce light, but also reduces the energy required to cool your of-
fice, which was being warmed by the excess heat emanating from all your
meandescent hulbs. .

On your desk, next to the Sun Ray terminal, you have a six-wati desk
lamp. That's right, only six watts— because this lamp uses a light-emitting
diode and little mirrors fo give you inlense focused light, the equivalent of
100 watts, but at 6 percent of the energy wse. The same is true for the ap-
pliances throughout your house, Your re rigerator is s efficient that it rep-
resents the electricity equivalent of a twenty-wati lightbulb. Your television,

ﬁgﬁxﬂazm :km,.},%.mbwa:%:.‘chi completely, no longer drq ming
Power when not in tse, .

,Zon:&? your company e courdages you to work from home as much as

Possible. By todey, on the Sun Ray terminal, you found a mes age from
your boss saying that o teleconference would be held downtown at 10:30
41, betweer your management feam and vour colleagues in Chennai,
your company is involved in a huge real estate development.

b Ol get in your Ford M ustang RESU Tt isa plug-m hybrid elec-
e .mmﬂ gets the equivaleny of 100 nijles per gallon. Plug-in hybrid electric
,.Emm”ﬁmmu are :

like regular hyhrids hut with larger hatteries and the ability fo
from o wall outlet. As a result, all your local travel is electric, but
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vou ahways have a gas tank backup. The battery is charged every night, or
whenever it needs juice, and, like your dryer and other appliances, automat-
ically interacts with your electric utility to buy the lowesi-cost electrons avail-
able during the depths of nighttine off-peak hours.

As you set out to the office, the GPS map in the car flashed a message
that there was an accident on the highway that you normally use o get to
the office and proposed an alternative route.

1o enter into the downtown area, you had to pass through an electronic
gateway, which automatically charged you $12 for mi@:_w.ﬂwm the city be-
tween 10:00 a.m. and 2:00 p.m. (1t costs $18 at rush hour.) This is another
reason you work from fome as often as you can, carpool, or take the bus to
work, Its all part of the new congestion-pricing system that has dramati-
cally reduced the number of cars coming into the city and thereby created
more room for electric buses and other forms of mass transit, which cai now
take more people to more places faster than ever before. Your city’s new
mayor actually won the election with the motio “Price the road and nﬁwﬂ
the traffic.” You don't need to be a rocket scientist, said the mayor: “If
you want fewer CO, emitiers, charge people money for emitting CO,.
If you want fewer cars on the roads during certain hours, charge people
money for using them.” o works everywhere it has been tried.

When you arrived at the office, you docked your car at a parking
ramp where you can both charge your car batiery and sell electricity :.ao
the grid. There is a universal twoaway plug in every _N:E.& and ﬁg:@.ﬁ
lot in America now. You decided to park at this ramp after it won a bid-
ding contest against the parking ramp around the cormer. 'l _:.a_.wn bidding
contests between parking ramp owners are now very common. Your ramp
won by throwing in four free-parking days a month and a car wash every
Friday.

,.,icu does the ramp owner want you to park there so badly? Because
vou will be sharing with him the money you earn from %E:m.&xg elec-
trons back to the grid. The entire roof of the parking ramp consists of solar

. . 168 C
panels that create clean electrons, which are then sold to the @Q&mtﬂ HM .
- LTS . L . TR
all the cars on the ramp. The owner calls if e-gasoline.” The parking

P e - . : lﬁ.m
name is Bill's Artificial Ol Field. So the lot owner is both in the pd EM
. . . raturé:
and the energy-generating business. At 2:32 p.m., when the tempe

. . o e alectrons fromt last
hit 87 degrees, your car, which still had most of its electrons fr .

4
. o e B ed uponth
night’s charge, made a caleulation that energy prices had movea P

‘ . . : . . Your sm
smart grid to a point where it was time to sell some electrons. You

artedr
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caleulated how many electrons you would need to drive to your normal
Wednesday afterwork chores—to take the kids to soceer practice and stop
at the grocery store —and saved 19 percent more just in case you altered
your routine. Then it put a sell bid of 40 cents a klowatt-hour out to the
utility. SoCallid bought 5 kilowatt-hours off your car baitery through the
universal plug, This helped the uiility meet its peak load demand and keep
its load profile flai, while you and the garage owner both made money. In
this case, you made $2. The parking lot operator, who provided the solar
panels and the plug conneciing your car to the grid, also got a small cut of
that. So far this month vour car hattery has earned you $24 selling and
buffering eleciricity. At the same time, it cost you only $47 this month to
charge your car with electricity, because vou were usually qm;ﬂu.ﬁ al

home at night at low off-peak raies and selling it during the day af peak
rates. [t means you are driving for the equivalent of about $1.50 per gallon.
People still drive less and use more mass transi = because congestion pric-
ing, which funds better mass transit, induces them to do so, rather than
hagh oil prices that fund petrodictators.

While at the office, your boss gathered iogether the entire management
team responsible for designing smart housing for a new suburl in Chen-
nai, You met with your six Indian counterparts in Chennai for three hours
to go over everything from fimancing to architectural problems. Once, such
business would have had to be conducted face-to-fuce, with at least some af
you flying over to Chennai, expending considerable time, noney, and en-
ergy. Not anymore.

This three-hour meeting was held virtually through Cisco Systems’
TelePresence system, over the Cisco network, in which your teant sat in o
Studio and the other team was vividly illustraied on a wall size TV screen
n3-D. The Cisco TelePresence makes people look and sound just like they
do in person, offering life-size tmages of each meeting participant, high-
definition video, and spatial audio, which creates the dynamic of voices
oming directly from the participants. It is so realistic you all felt as if you
.sﬁm at the same table in the same room, even though you were half «
. world apart, Iy, fact, it was all so realistic, and the images so lifesize, that
. When the meeting ended you got up and iried to shake hands with someone
o the screen, eliciting laughter all around,

After the niee

i ting, you returned home and docked your ear back in
e garag, . . .
al 8arage, around 4-()() pan. As you were mowing the lawn with your

electy; ) A . . .
e mower, your kids came home on their hybrid eleetric schonl
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bus, just another big rolling energy storage unit that actually makes
money for the school district by storing and selling clean electrons the way
you do.

The neighborhood school is now a dual-use education and commercial
center—a DULCC, That is, the school kitchen, as soon as it is finished
serving lunch, s taken over by Einstein Bros. Bagels. Instead of building
their own new hakery, the bagel company uses the school’s kitchens from
3:00 pam. until 6:00 a.m. the next morning to bake bagels and deliver them
to their outlets and grocery stores throughout the city. Dual-using has be-
come a huge trend, saving enormous amounts of electricity, land, and new
construction, and, by the way, earning the school extra cash to hire more
teachers. Domino’s Pizza also uses idle school kitchens during after-lunch
fours for making and delivering pizzas throughout the city. Domine’s has
not leased or built a new commercial kitchen in years.

The school is also a net-zero building. 1t was designed and built so that all

the parts—walls, windows, the lighting system, the water-handling system,
the air-handling system— are both individually and collectively super-energy-
efficient. At the same time, the external roof and walls of the school building

are a mim-utility—a combination of solar panels, solar thermal generation,
and passive lighting through smart windows that let maximum light in dur-
ing the day to repluce bulbs. As a result, during working hours, the school is
a net energy producer, and it sells its excess electrons into the grid. At night,
when Einsiein is cooking the next day’s bagels i the kitchen, the school buys
whatever electricity it needs from the grid at low, off-peak rates. At the end of
each month, its uiility bill reads “net zero.” You cannot get « building permit
m your city any longer unless your building is energy “net zero.”

Why are net-zero buildings, and dual-use, such a big deal? Well, here's
a fun fact: The production of cement worldwide— the heat that has to be
generated Ho roast the limestone and the CO, that is emitted the
process—releases almost as much GO, into the atmosphere as all the pas
senger cars in the world. So just throwing up dumb cement buildings 58
huge energy drain and carbon dioxide generator. Once we realized r.o% .
mivch of both we could save from smarfer cars and smarter buildings, build-

ing standards became as importani as mileage standards.

. e e hed ke
am sure that what | have deseribed above sounds farfetched

et

. | vl Well it
%.E.wn.r:wm out of a Jetsons carloon or a science fction novel. We Mm.

: et was 6%,

not fetched from very far, A simple prototype of this Energy Intern

”. mmﬁmm adish

THE ENFERGY |

PERNET WHEN I'T MEE

ploy Q._ i 2007 in Washington State’s Olympic Peninsula, in an xperiment
Q,T_Ex& by the Department of Energy’s Pacific Northwest National Lab.
oratory, inn partniership with the Bonneville P

ato wer Administration and Joes)
atilities. On Novernber 26, 2007, MSNBC ran a story about the prelimi-

nary results, headlined “Spart Appliances Learning to Save Power Cirid”
[he story noted that “as part of ¢

he experiment, the researchers found that
%nd nc:Mw cut the peak electricity load among participating homes by half
fort o€ days 0 a row. .m,ﬁ quoted _wcz ratt, the lab’s program ranager for
a multiagency collaboration dubbed GridWise, as sa mg:

&

!

ey
Ihat was astounding” . . -
at was astounding” . One homeowner, Jerry Brous of Se-

quim, Wash., who signed up for the program as soon as he heard
radio station, said that his electricity load
dropped by 15 percent, and he compiied his own Fxeel w@.@a;-
sheet to determine the percentage of power flowing to his %&n,_‘
heater, leat pump and dryer to pinpoint how he mig ‘
more. He also received quarterly checks from
ing his savings, mcluding a recent one for
camping trips, Brous could tell his house to “go to sleep or wake
up,” simsply by logging onio an Liternet site and reimote
his heat and hot water heater on or off.

about it on a local

1e might save even
the program reflect-
337, During several

Iy tuming
The article explaimed that

n the Brous houschold and others throughout Washington’s
Olymipic P ninstila, simart water heaters and thermaostats _u_,oma&
updated electric prices about every five minutes, depending on what
Was available and needed, Homeowners could adjust :.EW scitings
fo decrease power consumption and save money during peak am-
oot mm:, Mm 5 c.M i .@&_ H.&mw.,ﬁ a: Fo_ww_i mﬁ:«\oﬁ a expert on
y F;um.n, Wu_x:w_x&.? havior and president of Portland, Ore_~

: olicy Research
Mation to consgpe
Meentives to g0, |

devices that re

, said merely providing more infor-
rs would be ineffective without alse giving them
: fomeowners will readily accept :.S:o.jugﬁ
quite faitly easy lifestyle adjustiments, he said, like de-
asher or dryer run o obtain ches per rale

The

artic]e
ticle weyy o1 to say thyt
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researchers spent an average of $1,000 on apphances, Q_s:u_dﬁ:
and monitoring capabilities for each of the ﬂ.o:mE.f 200 homes
participating in two related studies. But for more widespread and
routine tesidential use, he expects the upfront costs to run a?ﬁ.:
2400 to $500 and potentially less if computer o_m? can be built
into the appliances before they leave ?a factory. “If this y.mn_cEnm
cheap enough, even your coffeernaker can help the grid out,

[Pratl] said. And if eventually adopted P,ﬁ.:.ow_.ﬁm:o:ﬁ .?m mﬁx.wﬁ.:i.%.q_q
the energy-saving appliances could translate into savings of about

$70 billion in new power plant construction and power distribu-

Hon costs over 240 years,

Speaking of coffeemakers helping out the m:@ gum_x. and de. coﬁ
leagues Mike Davis and Carl [imhoff at the ?c%n,ZA:‘_‘W.:};;.W.7%53
Laboratory in Richland, Washington, gave me a %;ds?.n\m:c: when
1 visited them. They took me into a room that is set up ;Ef a
kitchen/flaumdry roomm, with a washer, dryer, water heater, w,a.w”u.mmnu‘pﬂwom,v and
coffeernaker. Fach device was outhtted with @ special chip %ﬁm:m@ nm
PNNL. It is called a “Crid Friendly Appliance” controller, or GFA, 5.5
Grid Friendly controller is a 2by-2.5-inch cirenit board that can be in-
stalled in refrigerators, air conditioners, water heaters, and various omﬁmm
houschold appliances. It monitors the power grid and tums ﬁ%u E:n.mm 0

for o few seconds to a few minates—without ruining the appliance—m RHH
sponse to power grid overload or commands. When power plants canno

home

generate enough power to meet customer needs, Crid Friendly Appliances
reduce some of the load on the systens to balance supply and &m:ﬁ:g_.

So when | came into the mock kitchen, they had everything :::,mw.m,
including the refrigerator with the door open. ,C: a a_.m:..ﬁ:. Q,WL.JWMMOM
play, they had a readout showing how marty kilowatts all E_e._m_.,umuwwoﬁ?
were using at full blast, 1t was very noisy. | hen :Ev,\u dropped t .w_o%%m T
ity into the kitchen by 70 percent. What was amazing was that ali t o
.. . most the same amoutt

How? The Gnd

vices appeared to continue to run, making al

noise, but they were using 70 percent s el ot
iy - B uttn

Friendly Appliances sensed the power dip and reacted by cut mﬂ -
.. n i - by e Cilhe heahin

tions of their load. For instance, the dryer tumed off the he z_m mo:w ot

‘ 2 i d e dermie
amine: the hot water heater’s heating eiem :
Bt kept the drum tuming; the hot water heater's | g  erein

: - enoneh hot water stored in the tank that if you
off, but there was congh hot water stored i Lhe o e Jefrost

tricity.

the shower you never would bave known. In the refr
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cycle was int rrupted, but if vou opened the door the light remained on

your food would easily have stayed cold for the two or three minutes
in which the grid was under stress and ¢
gri

surely

and

he power got dialed down, These
cHriendly circuits cost only $25 per appliance, and the price would
plurmmet with mass production,
The beauty of this technology, which is now being pilot tested in bigger
comimumities, is severalfold. First, these sorts of power dips happen on your
grid a few times a week, You just don't know it, and the reason vou don't
know it is because your utility protects against it by having a spare power
plant or two spinning all the time, even when they are not producing elec-
tricity, so that its power can be drawn upon instantly whenever there is a
dip. That is called “reserve requirement,” and if the reserve plant is a coal
plant, it is spitting out CO,—just so you don’t experience a dip.

If we could manage these dips by contiolling dermand, just dialing
down appliances rather than always adding extra supply, we could save en-
ergy and money and cut back CO, emissions. “From the beginning of the
grid, we have tried to solve every prableni from the supply side with new
technology —we've never been able to do it from the demand side with
new technolegy,” said Mike Davis, the associate director for PNNLs Ep-
ergy Science and 'lechnology Directorate. “Now we have the technology
to do it. If someonc wants to tum off the h cating element in my coffeepot
for a couple minut every day—and do it with nillions of other homes—
s0 we dor't have to have extra coal-fired power plants, I'm good with that”

The model that T envisaged above, and the model that Davis and his
o.ozmmm;ow tested out, would involve a revolutionary change to the utili-
fies industry. Utilities, instead of limiting their vision from the power
plant to your home electricity meter, would be wholly transfonmed

Their universe would stretch from the generation of clean power on one
endright into vour home appliances, your car battery, and even the solar
Panels on your roof, Ruther than just being a seller of dumb and dirty
&moﬂd:mv it would be an enabler of this whole smart mﬂ.ﬁ_l i,‘,.:@wmw. Inter-

:@w J - T . D N - .
m.v stem. And it would make its IMONEY: from opliimizing this systermn.
r.jw WOWOM.V,

Carglive 1 the CEO of Duke Energy, based in Charlotte, North
o %EP fikes to say that rather than spend $7 billion on building

clear plant, he wonld rather the
- @Mount of Mone
Customer.

. Fﬂ:

anew
regulators let him spend that same
y building out a smart ransmission gvid and helping his
8 1o instal] solar panels on their roofs, Smart Black Boxes in
Omes, smart by tteries in

their cars, and Grid I'endly chips in their
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ator to the meter on the wall outside your bouse,

1 have Duke Energy maintain and service every as-

cars we defined the boundaries of our market as be-

3

said

Rogers, Going for

ward, “T want that market to be from the generator to

?

our customners’ rooftops and to the energy applications an

The Stone Age Didn’t En
We Ran Out of Sto,

d energy net

works embedded in onr customers” homes and offices and cars. That i
where the real savings will come-—from optimizing those energy net
works and applications . . . 1 have to take my gnd and make it smart and

?

make everyone’s home into a siart home and everyone’s factory into

rand

i

d

a smart factory an

service for the least money and least amount of CO,”
That would be 1
you-can-eat-for-ive-dollars electron buffet to optimizing an Linergy Inter-

a very different job for utilities—from running an a

net. But that 1s the futare.

nd as Jeff Wacker, the EDS strategist, likes to say: “The future is with
us, it's just not widely distributed yel.” He s right in the sense that we
can see today what the future could look like. We can see the technolo-

gies taking shape that could make it d a few key

distributed.

happen, but we still ne
breakthroughs to get that future widely

The Energy Internet I've described, if we can get it built, has the po-
tential to give us more growth with plants, better energy ef-
ficiency, and more renewable energy, like wind and solar, by smoothing
out the peaks and valleys in encrgy demand. 1 we could just add another
breakthrough on top of that—inventing a source of energy that would

fewer power

give us abundant, clean, reliable, and cheap electrons to power this En-
ergy Internet and that would dramatically reduce our usage of coal, o,
and natural gas— the revolution would be complete. Then you would be
feeding clean electrons into an energy-saving smart grid, into a smart
home, and into a smart car, .
T'hat, when it happens, will be the great energy transformation. 1t will
her—the IT revolution and the ET
| un-
lift
people out of poverty in a sustainable way, than you can possibly Hmas”
hat day dawn. The next chap-

be like two giant rivers coming toget
revolution. And when it happens —when it really happens—i wit
Tock more human potetial, more immovation, more possibilities 10

ine. I just want to live long enough to see t
ters describe how we can make it happen,

then optimize them all so everyone gets the most

Recently reports huve been current in certain newspapers th

the inventor, has at last perfected the sturage battery, and iha

trically propelled vehicles, costing little 1o buy und next 1o e

fy

;

on the markel. The same s ; e 1
ket The same story has appeared regularly for vears

pear to have advanced much.

—International Herald Tribune, November 7
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I E asked iy cusiomers what they wanted, they'd have
—Henry Ford

he city of Tianjin, China, is lionse 1
makers, and in September 2007 1 was in
et China “Green Car Congress” there. Yes, C
slea IMproving its ow i

, Mm_ Y mproving its own auto mileage and poll
0:s 4 conference to talk about t

Who knew? Ti
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he late
1e vernee was the Marriott in
mostly Chinese auto industry executives—some prc
WS —who listened 1o my remarks, via translatio
Mrw:%: hard and lor 1g beforehand !
hight stimulate 1] ma pe
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m:.& before. Iy the e, I decided to go right for
m.mw of my talk was 45 follows:
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