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2015-16 State of the Future

by Jerome C. Glenn, Elizabeth Florescu, and The Millennium Project Team

S o I e ol

Pages: 289; includes some £0 graphs
I5BN: 978-0-08B2639-2-5
Library of Congress Control Number: 98-646672

The 2015-16 State of the Future is a comg
potentials for the future, and actions and poli
unparalleled breadth and depth. "It is time fo
high to tolerate business as usual”, warns the

A lucid, thought-provoking, strategically ories
Mihaly Stmal, former Chairman, Unite

The State of the Future can make a differa
Wendell Bell, Professor Emerntus, Yale

Global intelligence on the future of the world
KurzwellAT News

So important for many people around the weo
Eleonora Masini, former Secretary ani

Absaolutely worth the reader’s ime.. takes th
Defense & Foreign Affairs Policy Journ

Strategic Planning for the Planet.. remarkabl
Willian Halal, Foresight Journal
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Una lectura fascinante para cualquiera que se pregunte como serd el mundo en el ofic 2030, y mds allg.
Andrés Oppenheimer, Columnista del Miami Herald y coganador del Pulitzer Prize (Argentina)

Latinoamérica 2030 ofrece escenarios Utiles al pensamiento y @ lo accién volcados a superar los grandes
desafios de la region, en su relacién con el mundo global.
Fernando Henrique Cardoso, Expresidente (Brasil)

Esta publicacion del Millennium Project es un aporte muy relevente que deberia ser consultada por
académicos, politicos, empresarios y todos aquellos inferesados en contfribuir o mejorar las condiciones de
vida en nuestros paises.

Edvardo Frei Ruiz-Tagle, Expresidente (Chile)

Informacicon invaluable para el futuro de las Naciones Unidas, sus estados miembros y la sociedad civil.
Ban Ki-moon, Secretario General de las Naciones Unidas (Corea del Sur)

La idiotez latinoomericana es como la materia: no se destruye, sino se transforma. Esperemos que las
préximas dos décadas no sirvan para repeﬂr los errores de las decadas pasadas.

Una lectura obligatoria parg
Enrique Pefia Nief

Durante afios Lm‘inocrme'lj

ca ha vivido fascinada con el \pa Para quit reemos que es hora de
fascinarnos con el futuro ythacerlo nuestro de una buena ve libro es una herramienta imprescindible.
Alvaro Vargas Llosa, Politélogo y escritor gal

Latinoamérica 2030 constituye una importante y rica he 1 de trabajo, gue nos permite visualizar
los escenarios posibles y plausibles que el futuro depara
Leonel Fernandez, Expresidente (Repiblica Dot

Diego Arria, Ex Secretario Gn ral Adj de, ) es Unidas (Venezuela)

www.millennium-project.org ‘H |H HH M H‘ Hm “H ‘H
17814711
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Ray Kurzwelil (MIT):
The Singularity is Near

THE

'S

NEAR

RAY

KURZWEIL

* www.singularity.com

* Bill Gates
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Ray Kurzweil

HAWTO COmo crear una

CREATE  men
A El secreto del pensamiento humano
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Figure 4. Card Codes and Graphics for 84-Character Set
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23andMe genetics just got personal.

& my home

health and traits

Clinical Reports
Research Repors

ancestry

Maternal Ling
Paternal Line
Ancestry Painting
Global Similarty

genome sharing

IManage Sharing
Compare Genes
Family Inheritance

23andWe

My Surveys (24)
Cur Research Mission

Featured Research

community

22andMe Community
FParkinson's Disease

Pregnancy

account

efics 101

health and traits

These tables listthose clinical reports we consider most notable based on your geneticinformaticn.

blog | help | log oL

Sgarch your account 1

= turn guides ol

Move your mouse overthe colored kars oricons for a glance at your data. Click the name of any disease or trait for your full report.

Clinical Reports Research Reports (86)

Show data for: | lose Cordeiro |£|

Disease Risks Carrier Status

- Age-related Macular Degeneration Alpha-1 Antitrypsin Oeficiency

H Celiac Disease Bloom's Syndrome

= Fsoriasis Cystic Fibrasis (Delta F508 mutation)
—m Type 2 Diabetes GEPD Creficiency

= Prostate Cancer Glycogen Storage Disease Type 13

= 1 locked repaort iz 1 locked repart

See all 10 risk reporns...

Traits Drug Response

Alcohal Flush Readtion Does Not Flush Warfarin (Coumadin®} Sensitivity
Bitter Taste Percepiion Can Taste Clopidogrel (Plaviy®) Efficacy
Earwax Type Wet

Eye Color Likehy Brown

Lactose Intolerance Likely Tolerant

“ariant Absent

Variant Absent

“ariant Abzent

ariant Absent

Variant Absent

See all 8 carrier status..

increased

Typical



23andMe genetics just got perscnal

# my home

health and traits
Clinical Repors

Resemich Repors

ancestry

Matesnal Lins
Fatemal Lins
Ancestry Painting

Global Similarity

genome sharing
lilanage Sharing
Compere Senes

Family Inhesitance

23andWe
My Surveys (24)
Owur Research Mizsion

Fezatured Fesearch

community
23andhie Commumnity
FParinson's Dizeass

Pregnancy

account

oo

# Jose Cordeiro  genetics 1071  blog  help  log out

FTOT AU Socound -

guides not available

paternal line

Your¥ chromosaome DMA determmines your paternal haplogroup, What is @ haplogroup®

Map . History | Haplogroup Tree

Your paternel haplogroup may have changed. This is due o 8 recent update to our petesnal haplogroup tree, Find cut more about
this feature improvemsent at the Spittocon

Paternal Haplogroup: R1b1b2a1a2 Haploroup: R1b1bZ, & sibproup of
R1b102s182 s 8 subgroup of R1E1b2, which iz desoibed below '
Ribib
Locations of haplogroup R1b1b2 circa 5040 years ago, before the era of intercontinental Age: 17.000 yesrs
travel. ' o
FR ’ . -
’i@ma-‘ . B Ass ﬂ"*:ﬂ'f" Highlight: R151E2 is the most common
- E FIREICa =
- Atfantic haplagroup in westesn Europe, with
" Oezan . R .
; ' Facifie distinct branches in specific regions.
Africa Dicaan
{ructign South
Oconh Americs Your Family and Friends
Austaia
O2ai1 Japanese Person
|
7 S s E1biaBa. Migefian Person
R1b1b2 is the most common haplogroup in western Eurcpe, where its branches ars i} Chinese Person
dlustered in varicus national populsations. R1b1b2a182b is characteristic of the Basoue, Ri1bib2?a. Jose Cordeiro

while R1b1b281a82f2 reaches its peak in lreland and R1k1b2atal is most commanly
found on the fringes of the Morth Sea.

Human Prehistory Video
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health and trars
Clinical REeports

Fezegrch Repods

ancestry
Maternal Lins
FPaternal Line

Ancestry Painting

Global Similarity

genome sharing
Mansge Sharing
Compars Ganes

Family Inheritance

23andWe
My Sureys (25)
iJur Research Mission

Feeturen Research

community
23andMe Community
Farkinzon's Dizesse

Pregnancy

# Jose Cordeire genetics 101  blog | help  log out

=gl Vol SOEEIL *

genatics just got personal. SO Yo Socer
23andMe genetics just got personal
= guides not available

maternal line

Your mitochondrial DMNA determines your maternal haplogroup. What is a haplegroup?
Map Hislory Haplogroup Tree

Maternal Haplogroup: H1*

H1*® iz 2 subgroup of H1, which is desoibed below

Locations of haplogroup H1 circa 500 years ago, before the era of intercontinental
travel.

AMEnNCa Abanti
T
Pacific Ocean
Ccaarn
Incian S0uth _ .
Otain Amencs Your Family and Friends
ALrstraly
Dde2 Japanese Pemson
B ]
ik 50 100 D&a2 Chinese Person
Haplogroup H1 is widespread in Europe, especially the western part of the continent, It {Hit Jose Cordein
originated about 13,000 years ago, not long after the lee Age ended, Lie Nigesian Person

Human Prehistory Video

m Human Prehistory: Prologue




search your account Go 1 Jose Cordeiro genetics 101 blog  help

23andMe genetics Just got personal.

# my home

health and traits
Clinical Reports

Research Reports

ancestry

Maternal Line
Paternal Line
Ancestry Painting
Global Simitarity

genome sharing

Manage Sharing
Compare Genes

Family Inheritance

23andWe

My Surveys (27)
Qur Research Mission

Featured Research

family inheritance

Genome View GrandTree

Tell me how o use this feature. .

Please select a grandchild for comparison.

Click on the down-arrow labeled "Grandchild" in the bottom box of the
familv tree.

Inheritance Calculator

Father's father + Father's mother

Mother's father «

Mother's mother

Mother

LIJ

Grandchild

] quides no

Click on a trait for comparison:

Genome-Wide Comparison

Comparison across all of the genome
data

+

Bitter Tasting

Genes related to bitter tasting

[ Circadian Rhythm

Genes related to regulating your
internal clock

Endurance
(Genes related to physical endurance

Female Fertility

(Genes related to fertility in women

Immune Svstem Compatibili



23andMe genetios just got personal.
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Genome View

GrandTree

SESTCh YWoRr aonot

family inheritance

Go # Jose Cordeiro genstics 101 blog help

Inheritance Calculator

| 0

=1 guides nol =vailet

Find cut what traits {phenotypes) and genctypes a child might have based on the selected pair of parents.

R o

Alcohol Flush Reaction

GG

Bitier Tasie Perception

GG
Earwax
EE

Eye Color

GG

CcG

CC

AG

Offspring's Possible Traits
How zre thess celoulstes?

100%

% (9

100% ()
0% ()

100%
e /

View Your Alsondi Flush Feacthan fTenan

Little or no flush [Z35)
Moderate flush

Extreme flush

mYMEmTﬂmmﬂ

Hon-bitter taster

Wi Your Esread Repor
Vet earwax (00)
Dy earwax

View Yoar Eye Cokar fsoan

71% 8 BrownBlack eyes (24 A3

26% o GreenHazel eyes (A4, AS)

A% ABF Bilue/Gray eyes (44, AG)




Technological Convergence NBIC




Synthetic biology is born

* Variola virus (smallpox)

Genes: 197
Base pairs: 185,000

* Mycoplasma genitalium (bacteria)

Genes: 485
Base pairs: 580,000

* Homo sapiens sapiens

Genes: ~25,000
Base pairs: ~3,000,000,000

Intergenic region




Sequencing the genome: cost and time

Year Cost (US$) Time
2003 1,000,000.000 13 years
2007 100,000,000 4 years
2008 1,000,000 2 months
2010 10,000 4 weeks
2015 1,000 S days
2020 100 1 hour
2025 10 1 min




What is a brain?

.+ 1 brain
* 10" neurones

10" synapsis

* Andt
* Andt
* And t

* 10" computations
(per second)

ne mind?
ne spirit?

ne soul?
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External brain implants




Mindware ’(

Decades of Laboratory EEG
lechnology Researeh 4

for under $100




you think, therefore, you can



Robots in Japan and Korea

==
*.%E‘g

aoueld

iRV 217

BIEFERFRR

-

f v
." ’ h .
|

| A ,
FESNGNTHEELY
PLEASE DO NOT TOUCH

e L




Asimo (Honda) evolution

Robot Development Process
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Robots are good in Japan




Exponentially
Faster
Smaller
Cheaper
Better



Sir Arthur C. Clarke with Jose Cordeiro
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The Three Laws of Sir Arthur C. Clarke

* First Law: When a distinguished but elderly
scientist states that something is possible,
he is almost certainly right. When he states
that something is impossible, he is very
probably wrong.

* Second Law: The only way of discovering
the limits of the possible is to venture a little
way past them into the impossible.

* Third Law: Any sufficiently advanced
technology is indistinguishable from magic.



Technologies of the “past”

* 30 years ago
Personal computers

* 20 years ago
Cell phones

* 10 years ago
Google

* What will happen in 10 years? In 20
years? In 30 years?

Immortal (ageless) cells!



Aging as a disease? And curable?




\ \METHUSELAH i

FOUNDATION

extending healthy human lite OUR STORY OUR STRATEGY YOUR ROLE Wi

BEEGISTER | FORGOT YOU

Mo )Mprize

/ accelerating life extension therapies

My Bridge 4 Life™
NewOrgan Prize

- Overview

— History of Science Prizes

— Current Competitions

— Meet the Competitors

— Latest Mprize Winners

—-How to Compete

~ Scientific Advisory Board
In?eﬁﬁq'gjn the Future

|
METHUSELAH FOUNDATION

The Mprize, introduced in 2003, 1s designed to directly
accelerate the development of revolutionary new life
extension therapies. The prize pot continues to grow
through donations; awards are made whenever aresearch
team extends the life of mice. There are two categories of
cash prizes:

{‘ he research team that breaks the
A 0] ’rhe oldest-ever mouse

e team that develops the most
et rejuvenation that extends the life

of the mice

The prize makes it possible to attract
scienfists from major universities
Andrzej Bartke, Southern Illinois Un
who headed the team that holds the
longevity and Dr. Stephen Spindler, Ur
of California, the prize holder for rejux
In 2009 the first Special Mprize
Achievement Award went to Dr. 7. Da
for the successful healthy life exte
already aged mice using a pharma
rapamycin.

Meet the Competitors

Competition Rules and Application

Scientific Advisory Board: Meet the pr
scientists who share our vision and enh
ability to change the future of aging.




Life extension results: today, now!

X 3 times

X 4 times

X 6 times







SOLVE

DEATH?

The search gant is Bunching a veniuns
i extend thﬂ Furman 'i% SO,

Thiat would be crazy—If it weren't Google

Google




Science of Singularity

_e_

Silicon Valley Investor Backs
$1 Million Prize to End Death

September 14, 2014
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ENERGY

US$ 8 TRILLIONS



Hussein for his actions. We will

Mobilize to meet this threat to_
vital interests in the Persian m

until an ﬁ%ﬁ ble solution is reached.
Our best strategy is to @ repared.

Failing that, we [LIIIMing

to kick your ass."
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DF THE NATIDMNAL ACADEMIES

"ﬁ NATIONAL ACADEMY OF ENGINEERING Q)

CHALLENGES IDEAS NEXT STEPS COMMITTEE

GIVEUS YOLR THOUGHTS | WORLD NEEDS TECHNDOLOGIES, IDEAS ROLE ANE BICGRAPHIES
AND BESEARLH

GRAND CHALLENGES
FOR ENGINEERING

Engineering's Grand Challenges

WHAT

D0 YO Click on the engineering challenge you think is the most important:

[ COMMITTEE
THINK veweer SPOTLIGHT
Develop carbon

seguestration LAR RY PAGE

methods i L s
CO-FOUNDER AND PRESIDENT

PRODUCTS

liake solar energy : Provide energy
gconomical from fusion

lManage the Provide access o Restore and Larry Page, a founder and first chief
' 1 it 1 =
nitrogen cycle § Ciean waicr improve urban executive officer of Google Inc., continues fo
infrastructurs

share responsibility for Google's day-to-day

operations. Mr. Page graduated with honors
from the University of Michigan, where ...
Advance health
informatics

Engineer better ﬁ Reverse-engineer
dicines ks 18 brai

medicines E%&EE the brain

——




wgatesnotes

“...a valucble guide

“The world needs to invest a lot i He ol
more In energy R&D 1o provide the g
breakthroughs that comn get down to needs...”
near-zero carbon emissions in the READ BOOK REVIEW »

next 75 yearns.” :
Y ot Yotz

THE WALL STREKT JOURXAL

L]
u

ECO:nomics

© u CREATING ENVIRONMENTAL CAPITAL
Energy innovation Thensk of climate change and its impact on the . B
is !{EH world's poorest people really makes finding new,

y cleaner energy sources incredibly urgent and
necessary. TED: We need an energy miracle

Iy ..
Entrepreneurs solving
energy challenges
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IZONTACT LIS l MEMBER.S

MITE? MIT ENERGY INITIATI

Linking science, innowvation, and policy to transform the w

RESEARCH | EDUCATION | CAMPUS EMNERGY ACTIVITIES | NEWS & EVENTS | SUPPO

The MITEI Efficiency Forward: Ambitious collaboration het!.n.reen'
mission MITand NSTAR aims to cut campus electricity use by

More about MITEL = 15 percent over 3 years.

Quick links

= Energy wvideos

= Departments,
labs, centers,
programs

= Energy faculty

- Hﬂjﬂr E"Ergy - S d--_-'—i-.i..-_;—l— —;_--l-.l--l—-l..—--—ln-l- :
studies and
reports

= Energy classes

)

Student groups

v

Opportunities in
Energy

= et st Baciviee In what could serve as a model for achieving large-scale

= MITEI newsletter energy-efficiency improvements, MIT and Boston-based utility
= Join MITEI MSTAR on Wednesday announced an ambitious collaboration
= MITEI Members that aims to slash the Institute’s electricity use by 15 percent
]

over the next three years.

Members log Iin i
Full spotlight >




Towards a post-petroleum world

bp

British Petroleum

Beyond Petroleum



/@é Sociedad Mundial del Futuro
QG VENEZUELA

De |la manufactura a la mentefactura




Energy waves: “decarbonization”
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Shell: “Sustainable” Growth Scenario
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Oil costs and reserves

Figure 7.1  Oil cost curve, including technological progress:
availability of oil resources as a function of economic price
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Deeper and deeper

Spars, Deep Draft Floaters (DDFs), Caisson Production Units (CPUs),
Deep Draft Caisson Vessels (DDCVs), Single Column Floaters (SCFs) — Installed or Sanctioned
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Global Oil Production for Resources of
1800, 2200, and 2600 Billion Barrels
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“Peak” Oil in the 21st Century?

* The Stone Age did not end
because of lack of stones, and
the Oil Age will end soon and
not because of lack of oil.

Sheik Ahmed Yamani, 2000
Saudi Arabia



“Peak” Whale Oil in the 19" Century
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I Falling off the scale E
Change in global mean temperature, *C
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Sun activity has increased during

the last few years
The sun appraoching solar maximum
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Juanita: la momia inca




Prueba del calentamiento del planeta.
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Solar in America: Strong and Getting Stronger
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Report: Solar Will Dominate
World Energy Supply in Just 15
Years

We should really feel for those poor fossil fuel barons....not!

By Gwenned / Daily Kos

HDEE fﬁli COMMENTS

Deutsche Bank has produced a 175 page report that will have the Koch bros

and their bought and paid for minions as well as every oil, coal and natural gas

company weeping in their Chevas Regal or Glenfiddich.,

The report suggests that solar generated energy will be the dominant source of

energy worldwide within the next 15 years. Not only that, but the solar industry
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APl Energy Report Says Solar
Will Double In 2015-16

January 7th, 2015 by Sandy De

Yes, you did hear that right. For the first time ever, speaking for the oil and gas industry, the
American Petroleum Institute is including soiar among the energy sources that should be
taken seriously in the next couple of years.

released yesterday, includes a serious analysis
of the U.5. solar energy industry. The AP




EMERGY PODCAST WVIDEQ  RESOURCECENTER @ GTMEVENTIS @ GITM

greentGChInEdia: Search Greentech Media

ARTICLES:

PREVIOUS ARTICLE MEXT ARTHCLE i
Solar Advocates Launch a US Energy Storage Market B :
Targeted.. to Grow... - A

ADVANCED GRID POWEF

" : ELECTRONICS FOR HIG
SunkEdison Buys Solar Grid Storage  [eswlidiiadiy

for Battery-Backed PV and Wind ISTECRATION 2084
Power —

It's the first big solar
IIIIII player to dive into 01

= energy storage—but it

won't be the last.

I'._..,__J!'
wanm Jeff St John
March 5, 2015




solar EMERGY PODCAST VIDEGQ RESOURCECENTER GTM EVENTS GIM

All GRID Network Infrastructure Gnid Optimization HAN/BAM Demand Response Gnd Edge Softwaref/Analytics Utilities

greenteChgrid: Search Greentech Media

ARTICLES: GRID EDGE

PREVIOUS ARTICLE MEXT ARTICLE "".i'f*
GE's Smart-Grid-as-a- internet and Cable Giant

.-d'
P - e s I__..
Service... Comcast... E-‘k 1

Grid-Scale Energy Storage Photos
and Milestones

Shares some dramatic
views of its energy
storage facility In
Chile’s Atacama

DESEI’t. SDGEE"s James Avery On The
Promise Of EVs And The

01

Pitfalls Of Solar

Eric Wesoff
January 23, 2014
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Costa Rica Powered By 100%

Renewable Energy For First 75
Days Of 2015

March 20th, 2015 by Gues

What do you think about this?

A Interesting W Not Interesting

Originally published on &«
By Sophie Vorrath

The Latin American country of Costa Rica has achieved the milestone of generating 100 per
cent of its energy from renewable resources, with a combination of hydropower and
geothermal for 75 days in a row, the the state-owned Costa Rican Electricity Institute (ICE) said.



ﬁmeweconomy

Tracking the next industrial revolution
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Remn
Texas city to go 100% solar, wind — |
, L ] I L] '._ =
because it’s cheaper, more reliable |
By Sophie Vorrath on 19 March 2015 | ive
A ity in Texas — home to the "Gusher Age” of American oil —is aiming to become 100 per | I.|:_|_J!:'_'r£lt , ¢
cent renewable within two years, after finalising a deal with SunEdison to supply it
with solar power for 25 years.
TA

Genrgetnwn = pupulahnn 54, L'HIHJ will take the output fmrn the 15I}MW solar plant and annﬂler 144I"-1W



Available Renewable Energy
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THE PATH TO GRID PARITY
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2111 es una serie historica gue permitira descubeir como sefa Latinoamerica dentro de 100 anos. A lo
largo de 8 programas, encantrass les respuestas & los grandes interrogantes acerca del future: ;Comao
seran nuestras civdedes dentro de 100 anos?; Como nos ransporaremos?; Como sera |a vida cotidiana
del hombre del manana?

Zon 2111 develaremos &l futuro 8 parir de pistas gue va existen en =l presente. Conococeremos los
proyectos mas vanguardistas v sorprendentes del mundo, ¥ los relacionaremes con nuestra regicn
Tambien contaremos con el testimonio de renombrados experios de |e ciencia, |a tecnologia v la cultura:
Todos ellosson los hacedores del futuro, ¥ se couparan de acercario a la actualidad.

En cada episodio el Host visjara por Latincamesica v el mundo. Al presentar 2 interactuar con los distintos
desamollos; sera el hilo conduchor de 1a historis ¥ tambien quien |e dard unided v continuidad al relato,
gue por momentos ranscurira en el futuro, ¥ por momentos en el presents.

L s inclusicn de las mas avanzadss tecnicas de animacion computada pera construir ciudades en 20,
Casas, espscios plblicos, objetos o medios de ensposte del futurg, serd un recurso que estara presente
lo largo de todos los capitulos

Las tematicas gue sbordesa la miniserie sesan,
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= Salud ¥ Bisnestar
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Google self-driving cars
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TESLA: The end of gasoline cars!




EVs Disrupt the BASIS of COMPETITION
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Superchargers TESLA
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50 GWh in annual battery productlon by 2020 S
Enougrﬁ'ér 500,000 Tesla cars
" Powered by renewable energy
Net zero energy factory
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BYD Plans To Rival Gigafactory
Battery Output

March 17ch. 2015 by Christopher Dehiomro

15 Electric Cars Hitting The Ma
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¥You are here: Home Mews Tesla plans self-drving "autopilot” Model 5 feature vig software update this summer

Tesla plans self-driving ‘autopilot’ Model S feature via software update this
sumimer

Car is "sophisticated computer on wheels, " says Musk

B i A0 AR
L (s e, =12

fodel 5 (credit Teala NMotors)

A software update will give Tesla Model S cars the ability to start driving themselves in “autopilot” mode on “majar
roads” like highways this summer, Tesla Motors chief executive Elon Musk announced today (March 18).



Electric Vehicles deployment
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5th Avenue, New York, April 15, 1900
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Caballos Carros

. AN i e

5ta Avenida, Nueva York, 15 de abril de 1900 5ta Avenida, Nueva York, 23 de marzo de 1913

El automovil vencié al caballo por ser una tecnologia superior, una tecnologia
exponencial o disruptiva.

No habia nada que el productor de carruajes de caballo pudiera hacer.
Fue para traer los costos abajo y mejorar la calidad



.Son los
Vehiculos
electricos
disruptivos?



1. El motor eléctrico: 5x mas eficiente energéticamente

Fuente: Autoblog
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2. Vehiculo eléctrico es entre 5x-10x mas barato en
combustibles

COSTO ANUAL PROMEDIO DE GASTOS EN
COMBUSTIBLES

$1,625.00
$821.00
$521.00
Tipo de tecnélogia
Gasolina mHibrido Hibrido eléctrico enchufable mEléctrico Pila de combustible

El tanque lleno de un Tesla Roadster W:

Fuente: TESLA MOTORS



3.V.E. es entre 5x-10x mas barato en mantenimiento

* V.E. tiene entre 80-90% menos partes moviles
* Los motores eléctricos pueden durar décadas con un pequeino mantenimiento

(Culata, multiple de admision, miltiple de escape, filtro de aire,
arbol de levas, poleas, balancines, valvulas, inyectores,
bujias, juntas de aceite, bloque de motor, cigiiefial, pistones,
bomba de aceite, etc...)

Fuente: The Economist.
Fotografias: Tesla Motors & Wikipedia



Energy content (MJ/kg)

Fuel type
Pumped stored water at 100 m dam height
Bagasse
Wood
Sugar
Methanol

Coal (anthracite, lignite, etc.)

Ethanol (bioalcohol)

LPG (liquefied petroleum gas)

Butanol

Biodiesel

Oil (medium petroleum average)

Gasohol or E10 (90% gasoline and 10% alcohol mix)
Gasoline

Diesel

Methane (gaseous fuel, compression-dependent)
Hydrogen (gaseous fuel, compression-dependent)
Nuclear fission (Uranium, U 235)

Nuclear fusion (Hydrogen, H)

Binding energy of helium (He)

Mass-energy equivalence (Einstein’s equation)
Antimatter as fuel (estimated according to E = mc2)
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Bioenergy and “eternal” energy

* The cells of life

* Photosynthesis
CO2 + 2 H20 + light
— (CH20) + O2 + H20

* From fossil

hydrocarbons to live
carbohydrates

* Craig Venter and his
petroleum bacteria




g Laser Inertial Fusion Engine (LIFE)

LIFE is an advanced energy concept under
development at Lawrence Livermore National
Laboratory. Based on physics and technology
developed for the National Ignition Facility, LIFE has
the potential to meet future worldwide energy
needs in a safe, sustainable manner without carbon
dioxide emissions.

Initial NIF Experiments Meet Requirements

r - & @ g 2 ima




Development Plan

Gl PHASE |
Proof of principle
Completed
2009 PHASE lla
Construct key components
at full scale E"E'm
Prove systemn can be buili m“

Plasma compression tests Frogress o Date

PHASE Il
2013 PHASE llb Demonsiration of Net Gain
Build net gain prototype 2013
2016 PHASE lic
Test profotype -
MNet Power out
PHASE 111

Electnicity generation and
commercialization

51 billion+
2020




The Enernet: Energy Internet

Dirty energy

Dumb grid
Inefficient systems
Expensive energy
Centralized system
Low redundancy
Fossil fuels
Producers control
Big oil and utilities

Clean energy
Smart grid

Efficient systems
Cheap energy
Distributed system
High redundancy
Renewable sources
Prosumers control
Entrepreneurs



The Energy “Internet”

* Buckminster Fuller

* Global Energy
Network Institute

* GENIl.org
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Zero-power systems




Energy harvesting

It Dynamic, real life, requirements

* Multiple harversting interfaces, :turq: power manqnmm
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Hotels | Restaurants Automobiles Smart Phones
Eliminating charging cables to improve the Grab a charge while you grab a bite with Qi Charge up your driving experience with Qi Dial up the cnvenience of wireless charging
hotel experience wireless power

Airports Public Venues Offices

Low charge? Qi makes charging at airports From shopping malls to sports stadiums, Qi With Qi in offices, you can take clumsy,
easy and convenient cures battery anxiety corded chargine off the table




Earth Based Solar Power

6 land blocks of 100 km2 with 3 TW are enough for humanity today



NASA: Space Solar Power (stand-by)
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Studies & Proof-of-
Concept
Technology
Research (TRL 2-4)

Technology

SSP Concept

Technology
Testbeds

Component-Level
Proof-of-Concept
experiments

Ground Test of SPG/WPT/Other Breadboards

definition complete

10 kW

100 kW

Complete Initial SSP Technology Research
for 1-10 MW Class to Full-Scale Systems

Complete Initial R&D for

1 MW to Full-Scale

Research,
Development and
Test (TRL 4-5)

Dual-Purpose
Applications R&D
(TRL 4-6)

Technology Demos
(TRL 6-7)

LEGEND R&D

Decision Point

A A

A

Ground Test very large
deployable structures

High ‘Efficiency

High Power SEPS
For Science Probes

1XW ﬁg

High-Power GEO
CommSats

Arrais for S/C

Large structures for large
apertures & solar sails

50 M Class flight expt.
(incl SPG, AR&D, dist. control

Component-Level
Flight Experiments

MSC 1

Major R&D Pgm

Milestone

MSC 2
10-100 kW SSP
planetary surface

Lunar Power, Large SEPS

100 kW Class SSP
flight demo

demo

Strategic R&T Road
Map Objective

1 MW Class SSP advanced
technology subsystem flight
demo’s (SPG/SEPS/WPT)

Complete Initial R&D for

1 MW to Full-Scale

MSC 3

10 MW-Class Flight

Demo (TRL 7)

10

SSP Model System
Concept(s)

MSC 4+
(2020+)







JAXA: Space Solar Power (2030)
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Moon Energy 2 20 TW




Energy Singularity: “Energularity”

Technological Singularity:
* Ray Kurzweil

Methuselarity!
* Aubrey de Grey

Energularity?
 Jose Cordeiro
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Example Power [ Scientific notation
Power of Galileo space probe's radio signal from Jupiter 10 zW 10 x 10" watt
Minimum discernable signal at an FM antenna terminal 2.5 fW 2.5 x 1075 watt
Average power consumption of a human cell 1 pW 1 x 10" watt
Approximate consumption of a quartz wristwatch 1 pW 1 x 10" watt
Laser in a CD-ROM drive 5 mW 5 x 107 watt
Approximate power consumption of the human brain 30w 30 x 10° watt
Power of the typical household light bulb 60 W 60 x 10° watt
Average power used by the human body 100 W 100 x 10" watt
Approximately 1000 BTU/hour 290 W 2.9 x 10" watt
Power received from the Sun at the Earth's orbit by m2 1.4 kKW 1.4 x 10° watt
Photosynthetic power output per km2 in ocean 3.3-6.6 kKW 3.3-6.6 x 10’ watt
Photosynthetic power output per km2 in land 16 - 32 kW 16 - 32 x 10° watt
Range of power output of typical automobiles 40 -200 KW | 40 -200 x 10° watt
Mechanical power output of a diesel locomotive 3IMW 3 x 10° watt
Peak power output of largest class aircraft carrier 190 MW 190 x 10° watt
Power received from the Sun at the Earth's orbit by km2 1.4 GW 1.4 x 10° watt
Peak power generation of the largest nuclear reactor 3GW 3 x 10° watt
Electrical generation of the Three Gorges Dam in China 18 GW 18 x 10’ watt
Electrical power consumption of the USA in 2001 424 GW 424 x 10° watt
Electrical power consumption of the world in 2001 1.7 TW 1.7 x 10" watt
Total power consumption of the USA in 2001 3.3TW 3.3 x 10" watt
Global photosynthetic energy production 36-72TW | 3.6-7.2x 10" watt
Total power consumption of the world in 2001 13.5 TW 13.5 x 10'* watt
Average total heat flux from earth's interior 44 TW 44 x 10" watt
Heat energy released by a hurricane 50-200 TW | 50-200 x 10" watt
Estimated heat flux transported by the Gulf Stream 1.4 PW 1.4 x 10"° watt
Total power received by the Earth from the Sun (Type 1) 174 PW 174 x 10" watt
Luminosity of the Sun (Type Il) 386 YW 386 x 10** watt
Approximate luminosity of the Milky Way galaxy (Type Ill) 5x10°°WwW 5 x 10°° watt
Approximate luminosity of a Gamma Ray burst 1x10%°W 1 x 10* watt
Energy output of a galactic supercluster (Type V) 1x10*°wW 1 x 10*® watt
Energy control over the entire universe (Type V civilization) 1x10°° W 1 x 10° watt
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Exponential increase in solar power
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Exponential decrease in solar costs

Linear Plot
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Solar costs decreasing 10% per year

Cumulative production GigaWp
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* Assumes annual production growth of 35% and an 18% learning curve. PV costs based on 18% capacity factor and 7% discount rate.
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Decoupling energy use from
economic activity

Total energy supply Energy intensity
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Reducing the energy intensity of the economy is vital
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Renewable Energy Cost Trends

Levelized cost of energy in constant 2005$"

125 85
55
Photovoltaic Concentrating Solar Power %
__100 & 68 45
IS 3
o S !
S g g
=75 = 5 S
_é: = c 30
< > S
£ T x5
= 50 S >
ot o £ 2
w o) 3
S Y w ]
2 S
5 ———
0 T T T T T T T T 1 0 ! ! y N ! . ! ! ! 0 5 + - T T T T T v
1980 1995 2010 2025 1980 1995 2010 2025 1980 1995 2010 2025

307

Geothermal Bio-Based Ethanol

251

201

Advancing

Proven technologie .
roven (ecno'ogies technologies

COE cents/kWh (20055)
COE $/gge (20055)

0+ T T T T g
190 195 2010 205 2000 2005 2010 2015 2020 2025

Source: NREL Energy Analysis Office (www.nrel.gov/analysis/docs/cost_curves_2005.ppt)
"These graphs are reflections of historical cost trends NOT precise annual historical data. DRAFT November 2005



World PV production [MW]'

O Others

ufactu

rnng cost

B China
OJapan
B Europe
mUS

e —

187 1080 100f 1083 1005 1007 1000 DM

PHOTOVOLTAIC TENDENCIES

- PRODUCTION
- COST
- EFFICIENCY

@© Richard Perez, et al.

1880 1084 1884 a2

Evolution of thin film
polycrystaline




Energy: reduction of light costs

The Price of Light: Hours of Work per 1000 Lumen Hours
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Energy Storage Deployments by
Segment (MW), 2012 - 2019E
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Discharge Time (hr)

System Ratings

Installed systems as of November 2008
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Capital Cost per Unit Energy - $kWh-output

(Cost f capacity / efficiency)
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Hydro pump storage for wind in
Belgium
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Cheap Energy for the Earth

The end of energy poverty

Move beyond scarcity into abundance
Solve water and food problems

Improve infrastructure and transportation
Increase energy security

Eliminate oil rents by political demagogues
Open space to (post)human civilization
Terraform other planets
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Guru Cordeiro meditating in India
(Hinduism) and in Japan (Buddhism)
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