






What will be energy’s YouTubes?
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AND SPEAKING OF SUPRISES, LOOK WHAT THE INTERNET IS USED FOR TODAY.

ECONOMY, JEVONS PARADOX, SPACE TRAVEL, CLEAN WATER, CO2 SEQUESTRATION/RECYCLING -- 
OTHER NEW MAJOR USES OF ENERGY’S COMING SQANDERABLE ABUNDANCE?

---------------

While building Internet 1.0, the Arpanet, envisioned in 1970 by Roberts and Wessler in their “Computer network development to 
achieve resource sharing,” and I remember this clearly, we did not say that our goal was YouTube.

Back in 1970, we were not building the Internet to carry video, and certainly not YouTube.  But today, with the Internet 
providing million of times more cheap and clean bandwidth than we had in the 1970s, surprise, video is most of what the 
Internet now carries.  And today’s video is not yesterday’s TV.  Here comes mobile video and HDTV.

The terminal on my desk at Xerox Parc in 1972 ran at 300 baud.  The first, 1973 Ethernet ran to my desk at 2.94 Mbps (~6 
Mbaud?) -- ~10,000 times faster.  Today, the fastest Ethernets run at 10 Gbps -- ~ 30+ million times faster than 1972.

On my Enernet speaking tour -- Internet Lessons for Solving Energy -- I argue by analogy that in the coming decades of 
solving energy we will end up supplying mankind not less energy, but more, much more, cheap and clean, in squanderable 
abundance.  Energy conservation and efficiency are energy’s low-hanging fruit, and they are just fine, but we humans are not 
in the end going to put up with using less energy that we use today.

So, looking into energy’s remote future, when we have cheap and clean energy in squanderable abundance, what might it be 
used for?  What will be energy’s YouTubes?

Am up to four possibilities for enery’s YouTubes: (1) generalized prosperity as a function of energy’s price elasticity, (2) space 
travel, (3) clean water, and (4) thanks to Keith Hansen, CO2 sequestration and more direct forms of climate control.



Energy, like information, is a factor of production, 
which in abundance will bring ever more 
economic output, freedom<>prosperity.
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Energy’s YouTubes?  How about general freedom<>prosperity?  Energy is a factor of 
production.

Information is a factor of production; the Internet boosted productivity and therefore 
economic growth, and freedom<>prosperity.

The Jevons Paradox (The Rebound Effect) is that greater energy efficiency, while in the 
short-run producing energy savings, in the long-run results in higher energy use.  By 
British economist W. Stanley Jevons, The Coal Question, 1865.

What exactly would happen to world economies over the next 63 years if nothing else 
changes except (clean) energy costs go down a factor of 10?

By Jevons Paradox, cheap and clean energy use will go UP, but by how much, a factor of 
1.1, 2, 10, 100, 1,000, 1,000,000?



Charles Simonyi
rockets into Earth orbit
on his first trip into space.

30

My friend from Xerox Parc, Charles Simonyi, developer of Microsoft Word, has returned from his second trip into space, again 
into Earth orbit, with Space Adventures.  His trip to the International Space Station and back cost him about $30,000,000, so 
we can’t say space travel is cheap, yet.

But, how much cheap and clean energy might therefore affordable space travel consume in 2070?  I visited Space Adventures 
in Vienna, VA to ask this question of CEO Eric Anderson.

On the back of an envelope, Eric estimated that in 2070 there will be 10 billion of us, and, if humanity has become a truly 
space-faring species, 5% ought to be able to travel in space each year.  If each space-faring person, including all of their 
luggage and life support systems, has a mass of 1,000 kg, and has a 15 km/s velocity "budget" per trip (enabling them to go to 
the Moon and back, or just one way to Mars), and the rocket they launched on had a 10% mass efficiency, then the energy 
required per person-trip would be about 1 TJ (terajoule) of kinetic energy, so that the total energy requirement for space travel 
in all of 2070 might be 500 EJ (exajoules), or about all of the energy that humanity will consume in 2009 for all purposes, 
before much space travel.

Of course maybe we’ll have a carbon nantotube space ladders by then, I was reminded by Amory Lovins.

What other unanticipated (except by us here) major new uses of energy might emerge when it becomes squanderably cheap 
and clean?  What will be energy’s YouTubes?  How about water.



How much energy could we use for potable water?
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How about potable water?  There is plenty of water on Earth, but most of it seems not to be fresh, or clean, or nearby.  What if 
in 2070 there were no potable water left and we had to recover it all from ocean or dirty water.  We would have to filter, treat, 
boil, and/or or electrolyze all our water.  How much energy would that take?

Let’s assume by 2070 that all 10 billion humans are each using (like today’s Americans) ~400 liters of fresh water per day in 
our households, not counting the considerably more water needed for the agriculture to feed us.  And let’s assume boiling 
water is all we have to do to make it potable, not counting water transportation, because the boiling will be distributed.

For each liter (=kg) of water, it takes about 4 KJ to raise the temperature a degree Celsius, or going from 20 to 100 degrees C, 
about 320 KJ/liter.  And then the water has to be boiled to kill the germs or leave any salts behind.  The energy needed to 
vaporize water at 100 C is about 2.3 MJ/liter.  It will therefore take about 2.6MJ/liter of boiling to make water potable.

So, 10 billion people, times 400 liters per day, times 365 days, times 2.6MJ/liter gives ~3,800 EJ (exajoules), or ~7.6 times 
more energy than humanity will consume in 2009 for all purposes, before much boiling of water.  That will take a squanderable 
abundance of cheap and clean energy, and distributed too, if we not going to count the costs of transporting water.  Amory 
Lovins notes that we won’t actually be boiling water in 2070, so that would bring our swag down how many orders of 
magnitude?



Energy’s YouTubes?
If Global Warming worries you,
let’s use squanderably abundant 
cheap and clean energy
to scrub 385-ppm atmospheric CO2.

David Keith, University of Calgary.
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Somebody check my math:
Annual worldwide CO2 emissions are ~30 billion tonnes, ~30Gt/y.
Current Calgary estimate of energy to scrub atmospheric CO2 (385 ppm) is 100 kWh/t or 
360 MJ/t.
If true, this is impressive.  Burning coal produces about 1kg CO2 per kWh, or 1 tonne per 
MWh, or 10 times the power to clean it anywhere.
Energy to scrub worldwide CO2 emissions would be 100 kWh/t X 30 Gt/y = 3,000 GkWh/
y = 3PWh/y = 3x3,600PJ/y = 10.8 EJ/y
Total annual energy consumption today is 500EJ/y.

Not all that much energy, but genetically-engineered trees might be better.



Enernet Laws?
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HOW ABOUT A MOORE’S LAW FOR CONTINUING DECREASES IN THE COST OF SOLAR PHOTOVOLTAICS?
---------

Internet history is replete with “laws,” the most important being Moore’s Law.  But we started slowly with Grosch’s Law, which 
proves you have to choose your laws carefully.

Grosch’s Law -- build centralized mainframes, cost goes up as square root of computing power
Moore’s Law -- integrated circuits double in density (computing power) every 18-24 months.
Grove’s Law -- telecom monopolies double available bandwidth every … 100 years (ha!).
Cooper’s Law -- cellular vs. Marconi -- wireless conversation per area double every 30 months.
Amdahl’s Law -- Mips ↔ Mbps

Metcalfe’s Law -- network effect (V~N^2) -- value of a network grows as square of number of users.

(even if I do say so myself)

Let’s collect Enernet Laws…  Let’s ask Ray Kurzweil for enertech laws -- The Singularity is Near?



Metcalfe’s Law
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Circa 1980, I came up with this 35 mm slide to encourage my 3Com customers to buy bigger Ethernet networks, to enjoy network 
effects by growing their networks past what I called critical mass.  In 1993, George Gilder, writing in FORBES, called this slide 
“Metcalfe’s Law.”  I have been defending it ever since.

What if Enernet is really mostly a networking problem, a problem whose solutions will best be found by looking for them through a 
networking lens?  And if so, might Metcalfe’s Law apply to building the Enernet.  Well, the so-called “power grid” is certainly a 
network.

What Metcalfe’s Law has in common with Moore’s Law is that both begin with M.
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Thanks to 1366 founder MIT Professor Ely Sachs -- Sachs’s Law?



Washington DC is a Pro-Am,
and we are the Ams.

36

We hear that energy must develop public awareness, political will, and go to Washington for some sort of Manhattan Project, or 
perhaps even an Apollo Program.

Trouble is, energy is much bigger and will take much longer than that.  More like a Marshall Plan for rebuilding Europe.

Plus, the status quo runs Washington, through lobbying and litigation, so often, when you go there to get stuff, you get the wrong 
stuff, for example corn ethanol.  Other examples would include prohibition of oil exploration, refineries, and nuclear, for the last 30 
years, and dropping fundamental research projects (solar, algae, …) when the price of oil went down again.

The last time we went to Washington for energy, we got DOE, a huge series of earmarks and government jobs programs that leave 
too little oxygen for energy innovation.

DOE created by Jimmy Carter some 30 years ago to reduce our dependence on foreign oil.  DOE employs 10s of thousands with a 
budget heading past $20B/year.  Are we using less foreign oil?

This March On Washington impluse is overpowering right now, with all the change, hope, and shovel-ready stimulation going on in 
DC today.  Leave me out of it.



Nuclear is coming back, only smaller.
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DOE+NRC BOTH FAILED AND ARE FAIILING US ON FISSION AND FUSION.
NUCLEAR BONDS HAVE MILLIONS OF TIME MORE ENERG DENSITY THAN CHEMICAL BONDS.
GOOD NEWS: THERE ARE (5+) NUCLEAR START-UPS, BOTH FISSION AND FUSION.
LET’S MAKE WAY FOR THEM!  NOTJUST PRO-NUKE, BUT PRO DISTRIBUTED NUKE.  INNOVATION!

----------
And then there are the opposite of bubbles.  Anti-nuclear is such an opposite, thanks to Greens.  The US has 104 large fission 
reactors providing 20% of our electricity.  France has about the same number providing about 80% of their electricity -- the lowest 
carbon footprint in Europe.  And yet, our NRC has not approved and built a new commercial power reactor in ~30 years.

Robyn and I decided to watch the anti-nuke movie that seems to have shut down nuclear in the US.  Confused, we first watched 
Chinatown, but that was about water.   Then we watched The China Syndrome, in which nuclear scientist Jack Lemmon is killed 
not by a meltdown, not by any kind of radiation poisoning, but by policemen with guns.  With Jack Lemmon were Jane Fonda, 
Michael Douglas, and Wilford Brimley.  Big corporations were evil in the movie.

Physicists are taunted by the fusion reactor that flies daily across the sky; maybe it’s best we keep it 93 million miles away and 
beam in the small amounts of energy we need.

Earth is itself a huge fission reactor; maybe it’s best we energize geothermally.  Earth’s radioactive decay produces 30 TW of heat, 
which is ~1,000 EJ per year or about twice what we use for all purposes today.  This is about 1/10,000th of the heat per square 
meter of insolation.

Shown is the proposed Hyperion power module.
Economics – manufactured
Safety – no meltdowns, self regulating
Proliferation – nothing weapons grade, <20%
Waste -- recycled
Scale -- distributed, right-sized
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Are fission and fusion blue too?
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BTW, here is a photo of the inside of a nuclear reactor.

Notice that the color is BLUE.

This due to “photonic boom” as radiated particles exceed the speed of light in the water.



Washington did actually help the Internet.
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Washington isn’t all bad.  Washington did help the Internet.

Tax Reductions: capital gains taxes were cut in the early 1980s, giving rise to venture capital for many of the companies that built 
the Internet, including my own, 3Com.

Demonopolization: Carterfone in 1968, AT&T breakup in 1984.  Continuing anti-trust oversight of IBM, which signed a consent 
decree and was restrained from previous anti-competitive activity.

Lead customer: DCA MILNET…  Ethernet became a FIPS standard.

DOD/ARPA standard TCP/IP/Ethernet vs. Commerce standard ISO/ISDN?

But most importantly: Federally Funded Research: ARPA, NSF, DOE…



Research?
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Where is research best done?

Not by corporations, because only monopolies can afford research:
 Bell Labs thanks to AT&T’s telephone monopoly
 Watson Labs thanks to IBM’s computer monopoly
 Parc thanks to Xerox’s copier monopoly
 Microsoft Labs thanks to the PC software monopoly

Monopolies overcharge their customers, but worse, are not motivated to market innovations.

Government labs?  Geographical earmarks and government jobs programs.  E.g., DOE.

Where?



Research universities, because they graduate students.
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From Internet history I learned that the best place to put our research dollars is at competing research universities vying for 
government grants.

Not because research universities are particularly well managed, which they are not, but because they graduate students.

There are about 10 such research universities around Boston alone, including my favorite, MIT.



There will be silver bullets.
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Please stop saying that there are no silver bullets.
Put that energy into discovering and inventing them, please.

IBM punched cards (cellulosic computing)
Transistor and Integrated Circuit
Interactive time-sharing minicomputers
Bit-Mapped Display, Mouse, WYSIWYG
TCP/IP and Ethernet
World Wide Web and Mosaic
Lasers, Optical fibers, DWDM
Google
Cellular
…

After packet switching itself, thanks to Paul Baran and Donald Davies circa 1960, there’s DWDM.  Prior to DWDM my mother 
would say “call when you get back to Boston, but hang up after three rings so we don’t have to pay for the long distance call.”  Now 
we call almost anywhere all the time, and get the Video Internet to boot.  Worldwide.  As many rings as we want.
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Perhaps THE Internet company, Cisco Systems was founded in 1984 by Sandy Lerner and Len Bosack, out of the Computer 
Science Department at Stanford University.  John Morgridge, after a career at Honeywell Information Systems, Stratus Computer, 
and Grid Systems, became Cisco employee 34, taking the company as CEO from $5M to $1B.  Venture Capitalist Don Valentine of 
Sequoia backed Cisco and later famously fired Lerner, after which Bosack quit.



Innovation
Vehicles
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Competing teams:
research professors
graduating students
scaling entrepreneurs (product engineers, manufacturing, SALES, marketing, finance, administration...)
and, yes, venture capitalists.

My favorite among many examples: (sorry these all look like white men)
Akamai, a Polaris-backed start-up out of MIT.
MIT Professor Tom Leighton
Students Danny Lewin (RIP since 9/11) and Jonathan Seelig
CEO George Conrades, former president of IBM USA, Polaris partner



Our energy system is complicated, and, well, it’s a network.
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HOW ARE WE GOING TO MASTER ALL THIS NETWORKED COMPLEXITY OVER THE NEXT 63 YEARS?

--------------------------------------

Focusing on the USA, here are 2006 energy source and usage estimates from the excellent National Academies report, “What You 
need To Know About Energy.”
Go see http://sites.nationalacademies.org/energy.

There is some danger of hardening of the categories here… where are the algae?

According to DOE, more solar energy falls each day on the USA than we use in a year.  Incident solar energy is 37 * 1016 kWh/year 
or 46,700 Quads/year, which is, get this ~500 times (=496.28) more than the 97.1 Quads above for 2006.  Over the whole Earth, 
the multiple is ~10,000.  Solar has a low floor (.07 shown), but a high ceiling (10,000x).

Look at this huge, old, and very slowly evolving system, with many pieces, levels, connections, interfaces, standards… We Enernet 
innovators could easily be overwhelmed, not just by the down and dirty status quo, but by the complexity of it all.  What to do?  
How to manage all this complexity while evolving it?  What worked for the Internet?



Like the Internet, the Smart Grid needs 
an RFC-IETF-like process,
and Jon Postel (RIP).
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We had a Network Working Group (NWG) in the early Arpanet days of the Internet, out of 
which came Requests For Comments (RFCs), now coming out of the Internet Engineering 
Task Force (IETF).  The process was open, proposing and implementing standards.  
Confirming interoperability, not certification, was the winning approach.  Also, iteration.  
We had INCP, NCP, then TCP/IP, for example, TCP/IPv4 is the current mode, v6 been 
coming for as long as anyone can remember.

Jon Postel, more than anyone else, led, setting the tone.  Who will be the Smart Grid’s Jon 
Postel?



7 Application Telnet, FTP, Email, Usenet, Netscape, Yahoo, Amazon, 
eBay, Google, Avistar, YouTube, Skype, WordPress, 
MySpace, Facebook, Warcraft, Quake, Second Life, 
Ember, EnerNOC, …

6 Presentation HTML, MPEG

5 Session DNS, URL

4 Transport TCP, UDP, HTTP

3 Network IP

2 Link Ethernet

1 Physical Coax, copper, fiber, wireless…

Like the Internet,
the Smart Grid needs a 

standard layered architecture.
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Architecture, layers, standards:
The Enernet -- the “Smart Grid” -- should have layered architecture.
Layering, a winning principle of Internet development: 7 layers of the ISO reference model.
How many layers?  An art of system architecture.  More or four: Google, Web, Internet, Ethernet.
Technologies develop independently at their own layer, at their own speed.
Specialization: One can live a rich full life at one layer, as I pretty much did with Ethernet.
Generality: each layer is an occasion for interface design, inviting generality.
Standard interfaces and technologies can be developed and interchanged.
Standards (also an art) focus investment to lower costs, to increase value through connectivity.
Serendipity is encouraged, innovation accelerated.
The energy system is much more complicated.  Careful systems design and standardization (but not too much) can help a a lot.
The old AT&T and IBM monopolies tended to move all their proprietary layers in lock step, which is one reasn they were left 
behind.



Like the Internet
the Smart Grid needs to be 

distributed.
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Will we progress to having fewer-larger-centralized or more-smaller-distributed power plants?

If the Internet is any guide, in the future we’ll have more smaller DISTRIBUTED power pants.

Upper left is an IBM 7094 mainframe, like the 36-bit IBM I programmed at MIT in 1964.

Lower left is a modern microprocessor, 1000++ times smaller and more powerful.

Upper right is a modern centralized power plant that distributes electricity through the grid.

Lower right is an MIT micro gas turbine that might generate electricity for use right there, off grid, and/or from time to time 
contribute power to the grid.

This may be Internet history’s killer lesson for energy: Go distributed!

Not centrally generate power and then distribute it, but generate power in a distributed system.



The Smart Grid should use the Internet
as its control plane, above its power plane,
and not just an Internet, THE Internet.
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The Internet has two big advantages to offer the Smart Grid.  First, it is layered, and so 
one can imagine layering the Smart Grid’s power plane under some new Enernet 
protocols.  Second, the Internet is big and still rapidly growing.  Alas, established Smart 
Grid players are making familiar sounds about the Internet not being right for energy -- 
too fragile, to insecure, etc -- and so they want to build a separate Smart Grid, instead of 
fixing the Internet.  This has been tried before, say ISDN.  It would be a step in the wrong 
direction, away from convergence -- ask telephone and TV people how their networks are 
migrating onto the Internet.



Smart Grid network topology?

Not just to “distribute” -- meshed, symmetrical.
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Our energy systems already have grid topology through which energy is distributed.  How we further develop energy grids can be 
informed by Internet history.  Layering, for example.

Today we talk about energy “distribution,” from central power plants down to light bulbs, which is slightly different from having 
distributed energy, much of which is not on the grid, like standalone PCs used to be.  Enernet energy is more likely to be 
EXCHANGED than distributed.

Distributed energy (in the Internet sense) means the grid become more peer-to-peer, more multi-vendor, with more standards, 
more competition (FOCACA).  The transmission of energy then become more networked, and more symmetrical, more among 
than between.  I want my home and car energy systems to be able to buy energy from power grids, but also to sell.  Radios and 
TVs are being replaced by PCs, which upload, not just download.  Ditto nodes in energy grids.

Build it, and they will come; don’t, and they won’t.



Asynchronous power packet switching?
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The Internet has for decades been slowly replacing old telephone infrastructure, today based on SONET -- a “synchronous optical 
network” hierarchy optimized for switching 64 Kbps digital telephone conversation circuits.  The Internet’s Ethernet plumbing is 
optimized for carrying digital data packets ASYNCHRONOUSLY.  Ethernet packets carry their own clocks, so that the whole 
worldwide Internet does NOT have too be synchronized.  Ethernet is replacing SONET.

Today’s electricity grid is synchronous, 60Hz-110V AC in the US, because of lighting, motors, and transformers in the days of 
Edison and Westinghouse.  But AC makes the grid fragile and inefficient.  By analogy, for a new Enernet, maybe we should 
consider standardizing an asynchronously switched grid, say switching packets of DC power.

Internet switching deals well with high peak-to-average ratios -- getting efficiency by asynchronous statistical multiplexing.  But with 
varying supply and demand, the Enernet is getting high peak-to-average ratios too.  Enernet packet switching.

Surprise: Since electricity goes almost everywhere, in the early days of Ethernet we tried (and generally failed after repeated 
attempts) to carry Ethernet over “powerline carrier” -- using installed 60Hz electricity wires also to carry digital data packets.  A 
surprising recent development is an emerging standard called Power Over Ethernet -- 48V-15W DC over Ethernet copper cable 
pairs along with data packets.  Are we seeing early signs of CONVERGENCE between information and energy, between 
bandwidth and power?



Storify the Smart Grid
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The pre-Internet telecommunications grid was synchronous and storageless.
The Internet is asynchronous and has all kinds of storage.  Ethernet has its clock in each 
packet.  Imps had core.
The Dumb Grid is, yes, synchronous anbd storageless.
If the Internet is our guide: Desynchronize and storify the Smart Grid.



Like the Internet, the Smart Grid needs
not just WANs, but LANs, like ZigBee et al.
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The Smart Grid has so far been, to use Internet terminology, a WAN -- a wide-area 
network -- high voltage power lines and maybe even smart meters.

But, if the Internet is any guide, the Smart Grid will have to get not just up to, but INSIDE 
buildings.

ZigBee is my favorite LAN standard for energy management, but maybe that’s because I’m 
Chairman of Ember, which makes ZigBee.
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And so in closing, yes, energy is the next big thing.
At the risk of being a hammer, connectivity -- THE Internet -- is a good lens with which to look at solving energy.
Let’s bring the Internet Way longterm to evolving the shovel-ready Smart Grid.
Energy may be just the next big Internet application.  What will we call it?  EOIP?  POIP?  JOIP?  That’s it, JOI, 
joyously!
Let’s get innovating in the Silicon Valley Model along the layers of the Smart Grid.
If the Internet is any guide, we will end up in 63 years with a squanderable abundance of cheap and clean 
energy, solving old difficult problems and delivering hard to imagine new applications.
Freedom and prosperity will reign.
Thank you.

----------
Overplaying Internet lessons so far, I see an Enernet in 63 years
that is mostly a distributed, layered, symmetric, asynchronous, switched DC power grid,
with networked intelligence extending to trillions of leaves of the smart grid,
with energy harvested and stored, off, on, and in the grid,
from Sun’s fusion reactor, using distributed solar harvesters,
from Earth’s fission reactor, using distributed geothermal harvesters,
from man-made distributed and perhaps mobile fission and fusion reactors,
networked with electricity and information, including robotransport on demand,
with squanderable abundant, cheap and clean energy providing
clean water, space travel, ..., freedom, and prosperity for all.
God Bless America.




