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Over the past ~65 years we met world needs for cheap and clean INFORMATION by building

the INTERNET. Over the next ~65 years, we will meet world needs for cheap and clean

ENERGY by building the ENERNET.

Donodt confuse Enernet with enertech =
nanoteché Donodt confuse Enernet with other net

Enernetismy2008-2 011 book tour, only | donét have a boo
Ember (South Boston, twice), MIT (twice), Internet Cowboys unConference (Jackson Hole),
Metro Ethernet Forum (Boston), Big Boys Camp ( Gr

Magazine (NYC), Telecosm (Lake George), AlwaysOn Venture Summit (Boston), Olin

College, Lux Research (Cambridge), Virginia Tech, NSF-ERC (Bethesda), Microsoft

Research (Mountain View), Cisco (Computer History Museum), Computer History Museum

( Mountain View), Gi gaOmés Green: Net (San Franci s
Maine (Orono), Intel Research at UC Berkeley, Stanford, Connectivity Week (Santa Clara),

Science Foo Camp (Googleplex), Singularity University (NASA Ames), Annenberg School for
Communication at USC, Cambridge Consultants Innovation Day, MassTLC Unconference,

Harvard, SEMI ISS, DogPatchLabs San Francisco, Dartmouth, Tufts, Mass Technology

Leadership Council, The Research Board, Xconomy XSITE, Singularity University, National

Instruments Week in Austin, Oasis (Boston), and 1/20/11, University of Texas at Austin.

Thanks for your interest (if any). Feel free to pass along this PDF with these speaking notes.




PowerPoint

Shortest route to the Nobel Prize.

Enernet is my first-ever PowerPoint presentation, which is ironic since | was on the board of
the start-up that developed PowerPoint and sold it to Microsoft in 1987 for $14M.

Thestartup was Forethought, Mountain View, CA. Shoy
Power Point box and yes, unopened Macintosh diske
History Museum, which also happens to be in Mountain View.

Why has it taken me 20+ years to use PowerPoint? | have been successfully using
handwritten 3x5 cards for my talks -- 5x7 for major speeches -- and never found time to learn
PowerPoint. Recently, | got to thinking my avoidance of PowerPoint, though much admired,
was generational. | 0 |-life crizia is #head of me 6®is thetnéwes0. . My m

| think of PowerPoint as one of the major breakthroughs coming out of Internet development.
It is an aid to collaborative intelligence, which we can now apply to building the Enernet.

And if Al Gore can win the Nobel Prize with PowerPoint, so can |, so can you.




MIT Energy Initiative
launched by

President
Susan Hockfield.

Sitting in MITés Kresge Auditorium on May 3, 200
what has become the MIT Energy Initiative (MITEI).

President Hockfield says, AJump! o and | ask, fi Ho
Being a joiner and team player, | decided right then to join up, whatever that meant. It turned

out to mean growing an fienertecho portfolio as a
and contributing to MITEI 6s External Advisory Bo
Disclosure: | am a member of the Class of 1968 and a Life Trustee of MIT.

President Hockfield is shown here at the first MIT vehicle design summit. This human-

powered hybrid car is also solar powered. Repor
gallon equivalent. Using solar, you could go 50 miles at 50 mph, or so the designers claimed.




Polaris Enertech Portfolio

m Manufacturing of efficient multicrystalline Si solar cells.
Agricultural biotechnology for ... biomass conversion.

ZigBee wireless networking for energy management.

Infinite Power |Flexible solid-state Li-ion rechargeable micro-batteries.

SiCortex Open clusters for energy-efficient green supercomputing.
SiOnyx Black Silicon for photodetectors, cameras, photovoltaics.
Sun Catalytix |Catalysts for converting sun and water into fuels.

Distributed energy storage using compressed air.

High-volume thin-film solar cells on flexible substrates.

Polaris Venture Partners, headquartered in Waltham, MA, is a diversified venture capital firm
with outposts in Cambridge, MA, New York, NY, San Francisco, CA, and Dublin, Ireland.

This fienertechod |Iist of some of our 100+ portfol

Some of these are pure enertech companies. Others have a variety of applications including
enertech. OK, SiCortex was a supercomputer company, but a GREEN supercomputing
company -- very low electricity consumption. And OK, Mintera was a telecommunications
company, and it gets here by offering the next generation of Internet core data transmission at
40 Gbps per lambda, which allows even more substitution of Internet communication for
energy-consuming transportation i transporting bits instead of atoms.

VCs often tout their portfolios, but I will not today, unless you force me to.




KIRTLAND
D

What is my standing in energy? | have lived through the building of the Internet.

By 1974, | had worked the Internet from MIT (Arpanet 1822, NCP, Telnet), Hawaii (Alohanet),
Harvard (PhD, 1973), Xerox Parc (Ethernet, Pup), and Stanford (TCP/IP).

There were 1 to 4 mainframes and/or minicomputers (and ~0 personal computers) at each of
those Arpanet sites, interconnected remotely through packet-switching IMPs using, yes, 50
Kbps AT&T circuits.

To be clear, mo st @ c o mp u-precessitg maimranes, ihguttinger e st i | |
boxes of key-punched cards and producing, overnight, green and white striped print-outs.
Ask me what a core dump was. The Ashabinge ment 0 t he

minicomputers. PCs had not been invented. AT&T and IBM ruled their worlds, telephones
and computers, respectively.

Nobody, certainly not me, foresaw what the Internet would become, what you take for granted
today. Email? PCs? Ethernet? World Wide Web? DWDM? Amazon.com? Google?
YouTube? Skype? Facebook? We solved information, cheap and clean. Of course, the
Internet is not finished yet.

Solve energy now?




Enernet is an analogy between information and energy, between the Internet and the Enernet.

The analogy between information and energy has been used before. In developing his
information theory, Claude Shannon saw this analogy and reused the word entropy from
Carnotds thermodynami cs.

(Excuse me for again (since 1976) putting in a bid to have a unit named after me, like what
happened to Watt and Her teterpefde@mndutmbe talleHihen af t er
Metcalfe and abbreviated Me. This would be like the cycle per second, abbreviated Hz after

Hertz, a unit used both in energy and information. Dave Boggs and | used the gigabit meter

per second (Gbmps) in our 1976 Ethernet paper. If I get my way, Gbmps will in the future be

written GMe. (:->))




Internet Domain Survey Host Count

600,000,000
We used the Internet to build the Internet,
QIR S 5o |et’'s use the Internet to build the Enernet.
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Source: Internet Systems Consortium [www.isc.org)

The Internet did NOT go away when The Internet Bubble famously burst on March 10, 2000.

We can use the Internet for COLLECTIVE INTELLIGENCE, better to solve energy. For
example, we now have e ma@dchdice and betieniformatior than a o
was available on the pre-Internet, nearly monopolistic, often nepotistic, and propagandistic old

medi a, |l i ke my former home town paper, the not f
News, bl ogs, eBooks, Facebook é as cheap and cl e

Letds use the

I nternet for
Smart Gri d,

ENERGY MANAGEMENT: HYV
robotransporté
To conserve energy, we can massively SUBSTITUTE Internet communication for

transportation. With the emerging Video Internet, we can increasingly transport our bits
instead of our atoms.

Letds use the

I nternetdés | NNOVATI ON |
Silicon Valley model.

NFRASTRUCTU

Letds | earn

from I nternet HI STORY. Enernet .




Lessons from

~65 years of Internet history
about meeting world needs
for

cheap and clean energy.

After 40 years as Internet innovator, 10 as pundit, and with my wife Robyn a professor of
history, | decided to look back into Internet history for lessons on how to solve energy.

| decided to try to be helpful by going on this informal ENERNET speaking tour during 2008.
By popular demand, the tour continued into 2009, 2010, and now 2011. At each stop on the
tour, | invite listeners to join me in mining Internet history for guidance on how to approach
energy. You are so invited.

Disclaimer: | can be annoying. For example, | am proud of my enemies -- what losers they
are. Upon reading about this Enernet tour, some cruelly mocked me, saying that to
somebody with a hammer, everything looks like a nail. True, but | DO have a hammer. And
they say | am a one-trick pony, which | like to point out, defensively, is a lot better than being a
zero-trick pony. Onward.

Also, to be even more annoying, even before starting this history project, | suspected that it
would be easier to teach energy to entrepreneurs than to teach entrepreneurship to the
energy industry. Turns out yes, but both are required.

OK, maybe the analogy between information and energy is not perfect. Onward.

Letdéds see what Internet | essons we might wuse
abundance of cheap and clean energy with which to grow more free and prosperous.




Those who don'’t
study history are
doomed to repeat it.

George Santayana
(1863-1952)

History is a pack of
lies about events that
never happened told

by people

who weren't there.

Certainly you have heard this said, mostly by history professors: Those who do not study
history are doomed to repeat it.

But wai t, didnét building the I nternet go very W
Internet history and be blissfully doomed to repeat it?

I grabbed Google and went hunting to unravel t hi
Who first said this?

According to what | found on the Internet using Google -- try it -- philosopher George
Santayana said that those who do not learn from the PAST are doomed to repeat it. What he
said about HISTORY s less flattering to historians.

In the case of my studying Internet history, at least ... | WAS THERE.

Santayana had many other brilliant insights. Quickly searching for them | inadvertently found:




Carlos Santana
(1947-)

You've got to
change your evill
ways, baby.

Some sloppy typing into Google found me not George Santayana, but Carlos Santana.
Serendipity.

Mr. Santana, who is about as old as the Internet and is still with us, also has brilliant insights,
like this one for energy:

Youbve got to change your evil ways, baby.




2004 Founding of Facebook

1998 Founding of Google

1991 Gore Bill (by George H.W. Bush)
1989 World Wide Web by Tim Berners-Lee

1984 Arpanet NCP to Internet TCP/IP
1973 Cellphone, TCP/IP, Ethernet

1969 Arpanet by BBN

1960 Packet Switching by Baran & Davies
1957 Sputnik by CCCP

1946 Transistor, Mobile, Internet, and Me

I f we historians are to study the Alnternet Er a,

You look young enough to think the Internet Era began with Facebook. Amen.

The transistor has obviously been key to the gro
todaybébs computers and communications networ Kks.

1933, 1946, 1947, 1948, or some other year, depe
Aiinvented, o and on whom you believe. I't does no

Bell Labs formed its Nobel-Prize-winning team to invent the transistor, which they showed
working in 1947 and announced in 1948.

Who invented I nternet fipacket switchingo is also
Baran, Davies, Kleinrock, and Roberts. There is plenty of credit to go around.

People born in 1946: Cher, Dolly Parton, Bill Clinton, George W. Bush, Linda Ronstadt, and
me. Also in 1946, AT&T demonstrated the first mobile phone, a car phone. And the bikini
was invented.

Choosing 1946, we have 65 years of history to mine, which is probably plenty. There is the
historical complication that the Internet Era is certainly not over.

A key point here is that the Internet was not a Manhattan Project or trip to the moon. If the
Internet is any guide, energy will take decades to solve. Different mindset. Time for science.




Y rs # Communlca
Vojce # Video # DaBta
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Especially when thinking about 65 years of futur
Outdated, pre-mature, transient, just plain wrong, persistent categories and taxonomies can
send us in the wrong direction and/or slow us down.

The | nt er neimobving telecommuynications monopoly AT&T had us all thinking that

its telephone transmission and switching network included customer terminals -- old rotary

and new (1963) Touch-Tone (DTMF) telephones, CPE = customer premises equipment. It

wasnodét until the Carterfone decision by the FCC
AT&To6s Western Electric, could be attached to AT
competitive innovations including mobile phones, cordless phones, answering machines,

modems, and oh, no thanks to AT&T, the Internet.

Ask about the tour | gave AT&T executives at I nt
Local and long distance telephone service were too slowly distinguished and demonopolized.

The FCC, regulating communications (AT&T), and the Department of Justice, regulating

computers (IBM), held years of hearings about what exactly were communications vs.

computers, so they could harden their categories. The Internet showed communications and
computers to be inextricable.




The voice, video, and data monopolies were surprised when:

VOICE became more than telephone, surprising AT&T and their FCC,

VIDEO became more than television, surprising the TV networks and their FCC,

and both became DATA on the Internet, surprising IBM and their Justice Department.

Left: Early voice recognition dialing system. Before even my time.

Top center: Early AHD snowd on an analog TV (doc
Ri ght : Mo del 33 Teletype upon which the I nternet
Bottom center: Desktop conferencing today combines voice, video, and data (Avistar).

(I am on the board of Avistar, a public desktop video networking company.)




A Categorical Mistake

Feed # Food # Fuel

Hardening of the categories is already hurting us in energy. For example:
How many of you are in favor of corn ethanol ? I

e hing wrong wi
i f

Y t
d government s

[N e}

l'tds hard to |ist
would be the very
DC chose to subsidize the wrong feedstock (corn) and the wrong fuel (ethanol). Cellulosic
whatever is next. Thanks to hardening of the categories, DC thought they could manipulate

fuel markets without disrupting feed and food markets. Not.

One GOOD thing about corn ethanol subsidies is that we are wasting money less in the
Middle East and more in the Middle West.

| learned at GreenFuel (RIP), that algae are many more times productive than agricultural
crops, harvested every day, not just once a year. So, for example, algae produce oil 400
times faster than corn, perhaps ~48,000 liters per hectare per year.

And algae dondét take agricultural l and (think de

And algae, like corn, is an energy crop that can be used in feed for animals, food for people,
and/or fuel for our machines.




a color

Back to the Internet, l et me try to be annoying.

Getting to cheap and clean energy has become a MOVEMENT, just like the Internet was.
Recall the seven most feared words near the peak of the Internet Bubble?

You just dondét get it do you.

Movements often have dogma, true believers, deniers, slogans, and sometimes colors.
Communism in its many failed forms is famously red. Islam is green. USA is red, white, and

blue. Feminism is purple. UTexas is burnt orange.

The I nternet 6s Et-meveners, for@xampleLhadyellaw as thdix color (and
Linux has a Penguin). Movements often have colors, and the energy movement seems to

have chosen a col or. OK, what is the energy

NYT6s Tom Friedman at Pop! Tech couple years

color choice, with all its baggage. Tom has since chosen to stick with green, but | recommend
his new book anyway: HOT, FLAT, AND CROWDED.

Who are the Greens and what does their movement stand for?

mo v

ago




Green?

Environmentalism OK
Anti-trade ?

Anti-American ?

Anti-technology ?
Anti-nuke ?

Anti-hydro ?
Anti-tidal ?

LES PROFITS: PEOP! tiowingd 2
OF THE WORLD S~ Ant-solar
NO NUKES!

The trouble with GREEN as the energy movementods
Green is pretty much the new red.
Theso-cal |l ed Greends are against al most everything

And now green is taken up worldwide with cloying regularity.

Even rapacious corporations are into Agreenwashi
Heck, GreenTech investing is all the rage among venture capitalists.

Please.

I n breaking from the past to finally solve energ
Green is traced back to AGreen Revolutiondo in th

in agricultural productivity thanks to technology, which so-called greens now oppose.
So, what new color, not green, should the energy movement adopt?

Here are the results of my research on this urgent topic:




Black?

Oil
Coal
Silicon
Carbon

Would BLACK be a good color for the energy movement?

Oil is black. Coal is black. Silicon is black. Carbon is black.

Wait a minute, Si (not its IC packaging) is actually metallic gray, and when polished, a mirror.
Global Warming is Earth too black, low albedo, reflecting too little sunlight back into space.

Bl ack is depressing. And bl ack isndt even a col




White is all colors, and may be too much of a good thing.

Snowball Earth -- glacial ice from pole to pole, mean temperature -50° C (-74° F). Several

times in last couple of billion years. White. Too white. Because most sunlight reflected back

into space by white ice. Fortunately, volcanoes put CO2 into the atmosphere, and by the
resulting misnamed figreenhouse effect, o0 eventual
maybe again.

The fraction of sunshine reflected by Earth is its albedo, from the Latin for white.
~0.1 for liquid water, ~0.3 bare land, ~0.45-0.65 ice, ~0.9 for snow.

NASA: When Earth is covered in ice, its albedo is 0.84, meaning it reflects most sunlight.

When Earth is covered by dark green forest canopy, its albedo is 0.14 -- most sunlight is

absorbed and Earth is far warmer today. Satellit
current albedo at 0.30 and in decline.

White is too much of a good thing, and again, not a color, so forget white.




