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ENERGIA
EL reto global

Vivir la vida que aspiramos a vivir,
sustentablemente, es un reto sin precedentes.

¢Por qué?

Por tres razones:
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-a- La energia define la accesibilidad a la mayoria
del resto de los recursos

Los mayores retos de la humanidad™
ENERGIA- sustentabilidad de los recursos

AGUA (<> energia)
(resto del) MEDIO AMBIENTE (<> energia)
ALIMENTOS (<> energia)
SALUD/ENFERMEDADES ( < energia)
POBREZA (~ energia)

EDUCACION, SEGURIDAD
POBLACION (€«~>(~energiabarata)

Créditos/fuentes: muchas diapositivas o partes de ellas vinieron de (pdginas de): IEA, USDOE BES,
NREL, N.Lewis (Caltech), P. Alivisatos, S. Chu (UCB /LBL), A. Nozik, S. Kurtz, D. Ginley (NREL), J.
Karni, I. Lubomirsky, I. Maron, 6. Hodes (WIS), A. Zaban (BIU), L. Bronicki (Ormat), Y. Lou

(CWRU) , G. Crabtree, * precediendo al difunto R. Smalley (Rice U) ot



cue es la energia?

Energia(frabajo): kWh Patenrin: k\W(velaridad del nien de enernin/nencraridn)
tu factura de electricidad/

¢Se nos esta acabando?

(La energia se conserva, E=mc?; --> energia nuclear !)

En realidad no; .............. Mas bien,

¢QUE “tipos,' de energia necesitamos,
CUANDO y DONDE?

La transformacion de energia de tipo A a tipo B .....
...... requiere energia
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Presentation Notes
There are many different forms of energy: radiation, electricity, chemical energy, mechanical energy, and heat. Each form of energy can be transformed into other energy forms. From mechanical energy to electrical by running a generator or dynamo and thereby generating electricity. Or to change electricity into mechanical energy, electrical engine which drives an elevator.
 
There is also a potential energy which can be released, for example, a toy with a spring can stand without releasing the spring for years and once you release it, it starts to jump – the energy in the spring was a potential energy. Another example: At a hydro electrical power plant the water is at a certain height and if we release it the water runs downhill and turns turbines and generates electricity. The water at certain altitudes has potential energy, which is transformed by turbogenerators into electricity. Chemical energy is transformed in batteries into electrical energy. 
Sun radiation energy is converted into heat at solar heaters. The law of energy conservation states that the energy doesn’t get lost, the energy can be transformed but its amount is conserved. The law was introduced by a scientist named Joule, based on a simple experiment. Due to this, the energy unit is called after him i.e., J (Joule). There are different energy units, but all have equivalent factors (such as kilometer to mile).
For example: Joule, calorie, BTU etc. 
 
There is a very common unit of energy – kilowatt-hour (kWh) that we are going to talk about. There are also somewhat strange terms of energy, like TOE (tons of oil equivalent), which is capacity. Capacity is the amount of energy generated or used in a certain amount of time. To carry a 100 kg cargo to a height of 60 m by a lift requires 50,000 Joules. Period of time is not important. If we want to do it in one minute, we need a capacity of 60,000 divided by 60 seconds or 1 kJ/sec of energy. 


Necesidad total mundial de potencia
en el 2010: ~14.5 TW; para el 2050: ~28 - 40 22 TW

2.5 GW Planta de energia a carbén |1 TW = 1000 6W

1 GW = 1000 MW
11 MW = 1000 kW

Hadera, Israel

estimados(7) 2011

FSsU 7 ~ 9
BrazilZz ~ 2.3
Méxicor ~ 15

E.Asia ~ 30
ChinaZdn ~215
Japon N ~ 4

IndiaAd ~ 31

Africa ~ 16
subsaharidna
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Necesidad total mundial de potencia
en el 2010: ~145 TW.; para el 2050: ~28 - 40 ?? TW

1 TW =1,000,000,000,000 W (México~ 0.2 TW)

1G6W = 1,000,000,000 W (Itaipu ~ 12.5 GW)
1 MW = 1,000,000 W (potencia para 1000 casas EU)
1 kW = 1,000 W (1 cuarto con aire acondicionado’
Cargador de celular ~ 5 W
TV o PC portatil ~ 20 W
Refri + congelador ~ 40 W
Lavadora ~H00 W
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Alimentos = Combustible
Pero... ¢Qué tan eficiente es?

?
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Tiempo hasta el agotamiento vs. potencia humana

fluorescente

Eqipo Potencia
kW]

w Refrigerador | 0.25
g
5 Horno 1
= microondas
0 Bombilla de | 0.075
[«
2 tungsteno
= Bombilla 0.02

1 |
0.1 0.z 0.25

SuUsiined level of power to the peMsS (horsepower)

En 1 hr de ejercicio un humano sano puede hacer trabajo mecadnico a

un ritmo de 0.27 hp (~ 0.2 kW)
A un 75% (edad, peso) 2 max. trabajo mecdnico: 0.15 kWh
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-b- podemos confiar en nuestras fuentes de energia

actuales?

1 TW =1000 6W
16W =1000 MW
1 MW = 1000 kW

en el 2010

> 80% de la potencia
mundial viene de
combustibles fdsiles

ENERGIA: J, Wsec; BTU
POTENCIA : W = J/sec
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-b- ¢Podemos confiar en nuestras fuentes de energia
actuales?

pero .....
el petrdleo se nos va a acabar

Claro, en algin momento si se acabarg,

Y, S/,
se nos esta acabando el petradleo
barato y limpio,
pero...
¢sabemos realmente esto?
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Presentation Notes
There are many different forms of energy: radiation, electricity, chemical energy, mechanical energy, and heat. Each form of energy can be transformed into other energy forms. From mechanical energy to electrical by running a generator or dynamo and thereby generating electricity. Or to change electricity into mechanical energy, electrical engine which drives an elevator.
 
There is also a potential energy which can be released, for example, a toy with a spring can stand without releasing the spring for years and once you release it, it starts to jump – the energy in the spring was a potential energy. Another example: At a hydro electrical power plant the water is at a certain height and if we release it the water runs downhill and turns turbines and generates electricity. The water at certain altitudes has potential energy, which is transformed by turbogenerators into electricity. Chemical energy is transformed in batteries into electrical energy. 
Sun radiation energy is converted into heat at solar heaters. The law of energy conservation states that the energy doesn’t get lost, the energy can be transformed but its amount is conserved. The law was introduced by a scientist named Joule, based on a simple experiment. Due to this, the energy unit is called after him i.e., J (Joule). There are different energy units, but all have equivalent factors (such as kilometer to mile).
For example: Joule, calorie, BTU etc. 
 
There is a very common unit of energy – kilowatt-hour (kWh) that we are going to talk about. There are also somewhat strange terms of energy, like TOE (tons of oil equivalent), which is capacity. Capacity is the amount of energy generated or used in a certain amount of time. To carry a 100 kg cargo to a height of 60 m by a lift requires 50,000 Joules. Period of time is not important. If we want to do it in one minute, we need a capacity of 60,000 divided by 60 seconds or 1 kJ/sec of energy. 


Reservas de petroleo, reportadas por
varios paises

250

200
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100

N
-

0

Proved Crude Oil Reserves (Billion Barrels)

Year

| | I
- |Saudi Arabia —
5 Iraq N
" —
[/
i
United Arab
...... g ann Emirates
Mexico
L | | | 1
1980 1985 1990 1995 2000 2005

y ho es mucho mejor confiar en las compaiiias petroleras

From S. Kurtz, NREL;

Source: EIA (Energy Information Administration)
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-b- ¢Podemos confiar en nuestras fuentes de energia
actuales?

Recursos y "Reservas” de energia

Recursos
Reservas definitivos
(nimero de afios de consumo anual en el afio 2000)
Petrodleo > B0 > B0
Gas > 60 > 200

constante independiente del tiempo: ~30-50 afios de petroleo
pero recuerden....

"La Edad de Piedra no termind debido a una
escasez de piedras”

Sheik Ahmed Zaki Yamani, Saudi Oil Minister 1962-1986
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-b- ¢Podemos confiar en nuestras fuentes de energia
actuales?

Recursos y "Reservas” de energia

Recursos
Reservas definitivos
(nimero de afios de consumo anual en el afio 2000)
Petrdleo 2> 50 > B0
Gas > 60 > 200
CARBON >100 ~ 400

Entonces, ... el carbdn soluciona los problemas
pero ...

DC, WIS-AERI 04-2013



-b- ¢Podemos confiar en nuestras fuentes de energia
actuales?

aunque no todos esten de acuerdo con
el carbon <-> cambio climatico

pocos discuten que
NOSOTROS contaminamos
NUESTRO aire, agua y tierra

DC, WIS-AERI 04-2013
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Presentation Notes
There are many different forms of energy: radiation, electricity, chemical energy, mechanical energy, and heat. Each form of energy can be transformed into other energy forms. From mechanical energy to electrical by running a generator or dynamo and thereby generating electricity. Or to change electricity into mechanical energy, electrical engine which drives an elevator.
 
There is also a potential energy which can be released, for example, a toy with a spring can stand without releasing the spring for years and once you release it, it starts to jump – the energy in the spring was a potential energy. Another example: At a hydro electrical power plant the water is at a certain height and if we release it the water runs downhill and turns turbines and generates electricity. The water at certain altitudes has potential energy, which is transformed by turbogenerators into electricity. Chemical energy is transformed in batteries into electrical energy. 
Sun radiation energy is converted into heat at solar heaters. The law of energy conservation states that the energy doesn’t get lost, the energy can be transformed but its amount is conserved. The law was introduced by a scientist named Joule, based on a simple experiment. Due to this, the energy unit is called after him i.e., J (Joule). There are different energy units, but all have equivalent factors (such as kilometer to mile).
For example: Joule, calorie, BTU etc. 
 
There is a very common unit of energy – kilowatt-hour (kWh) that we are going to talk about. There are also somewhat strange terms of energy, like TOE (tons of oil equivalent), which is capacity. Capacity is the amount of energy generated or used in a certain amount of time. To carry a 100 kg cargo to a height of 60 m by a lift requires 50,000 Joules. Period of time is not important. If we want to do it in one minute, we need a capacity of 60,000 divided by 60 seconds or 1 kJ/sec of energy. 


y .. existen alternativas?

El candidato "logico™:
LA ENERGIA NUCLEAR

¢Por qué?



-c- Hasta el dia de hoy, las nuevas fuentes de energia
siempre cargardn mds energia con el mismo peso y volumen
que las viejas

Fuentes de energia a través de los anos™

O Nuclear
100%

O Natural Gas
80%

m Oil
60%

® Coal
40% O Biomass
20% B Animals

S
o(\\ ,{\(Jo 90(\0 Q® O)& O * ) . 7]
P& & > A Mundo “occidental
S $
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¢y hay otras alternativas?
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¢y hay otras alternativas?
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Energias renovables en la Tierra

negro: existe, pero no se sabe como obtenerla
rojo: existe y se sabe como obtenerla

. morado: usado actualmente
Biomasa

con toda la tierra cultivable sin usar— ~5 TW (H,0?)
19TW
(0.2 TW sustentable)

Y 4 °
Eolica
~50 TW
~3-8 TW
0.24 TW,

Hidroeléctrica

" oA &N 46 TW
& N Nae d 15TW
pero... o N . R 0.8 TW /nstalado
almacenaje gk e, = = s
(otros) solar Geotérmica
12 (+30 oceano)
1.2x105 TW ~1 TW
~100s TW (x 0.1>10s TW) ~0.03 TW
0.22 TW,
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Almacenaje de Energia:
Opciones Existentes

Aire Metdlico
>

s &
S 2 —~
O > ’
W S Baterias
3 <3
Q.
Q) Q.
O 9 a
(@
S 5 Volante
9 E (flywheel)
|_-
\2)
o]
:
N apacitore
v

I I I I I I I
1kW 10kW 100 kW 1MW 10 MW 100 MW 16W

Potencia hominal del sistema Adaptado de ORNL
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Combustibles Fosiles son un Tesoro de Energia




Tabla periodica de combustibles potenciales™

GENERA- | USO | MATERTAL | TOXICI- | SEGU- | ENERGIA ENERGIA
TIPO CION COMPATI-| DAD | RIDAD | DENSIDAD | DENSIDAD
(~ cost) BILIDAD (PESO) (VOLUMEN)



Entonces, que deberiamos / podemos hacer a

corto plazo (< 2020)
evolucion en la tecnologia y la ingenieria
e.).:

+ Uso mads limpio de los combustibles faosiles

* Mejorar, Optimizar; carbén - gas /liquido
+ "29a Generacion" Biocombustibles
« CONSERVACION: recicla,reusa, reduce

+EDUCAR

DC, WIS-AERI 04-2013



Entonces, que deberiamos / podemos hacer a

mediano plazo (hasta el 2030-2050):

desarrollar ciencias e ingenierias aplicadas

+
EVOLUCION en la ciencia bdsica

+EDUCAR

DC, WIS-AERI 04-2013



Entonces, que deberiamos / podemos hacer a

largo plazo (> 2040):

Estimular

REVOLUCIONES en la ciencia...

+EDUCAR

DC, WIS-AERI 04-2013



El Sol como fuente de energia

* Calor solar
- directo Calor (> 200 GW,™), fresco
- a quimicos Combustibles (a fravés de temp. altas)

- a electricidad indirecto - turbinas (~2 GW,)

pero... almacenaje




El Sol como fuente de energia

Problemas
* Baja eficiencia de recoleccion (mucho espacio)

DC, WIS-AERI 04-2013



El Sol como fuente de energia

Problemas

* Baja eficiencia de recoleccién (mucho espacio)

- Pérdida de radiacion difusiva a! ranrentrarecs

- Variabilidad (dia, afo, clima
por lo tanto .......

DC, WIS-AERI 04-2013



El Sol como fuente de energia
Problemas

* Baja eficiencia de recoleccion (mucho espacio)

- Perdida de radiacion difusiva al concentrarse

» Variabilidad (por dia, por temporada, atmosférico)
» polvo, es necesario mantenerlo limpio




El Sol como fuente de energia

Problemas

Baja eficiencia de recoleccion (mucho espacio)
Perdida de radiacion difusiva al concentrarse
Variabilidad (por dia, por temporada, atmosférico)
polvo, i.e, mantenerlo limpio |

Baja eficiencia de conversidn, excepto al calor

DC, WIS-AERI 04-2013



Conversion Cudntica
un pr'oceso con umbral

:EI-

| Irﬁ‘ra- wsnble_wotilf a-

: (IR) u‘ i UV)
Espectro |
dela

energia
solar
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Presentation Notes
Why does our solar cell absorb only about 15 percents of the sunlight's energy? Visible light is only part of the electromagnetic spectrum. Electromagnetic radiation is not monochromatic -- it is made up of a range of different wavelengths, and therefore energy levels. (See How Special Relativity Works for a good discussion of the electromagnetic spectrum.) Light can be separated into different wavelengths, and we can see them in the form of a rainbow. Since the light that hits our cell has photons of a wide range of energies, it turns out that some of them won't have enough energy to form an electron-hole pair. They'll simply pass through the cell as if it were transparent. Still other photons have too much energy. Only a certain amount of energy, measured in electron volts (eV) and defined by our cell material (about 1.1 eV for crystalline silicon), is required to knock an electron loose. We call this the band gap energy of a material. If a photon has more energy than the required amount, then the extra energy is lost (unless a photon has twice the required energy, and can create more than one electron-hole pair, but this effect is not significant). These two effects alone account for the loss of around 70 percent of the radiation energy incident on our cell. 
Why can't we choose a material with a really low band gap, so we can use more of the photons? Unfortunately, our band gap also determines the strength (voltage) of our electric field, and if it's too low, then what we make up in extra current (by absorbing more photons), we lose by having a small voltage. Remember that power is voltage times current. The optimal band gap, balancing these two effects, is around 1.4 eV for a cell made from a single material. 


El Sol como fuente de energia

* Calor Solar
- directo Calor, fresco
- a quimicos Combustibles (a través de temp altas)
- a electricidad indirecto (viento) > turbinas
pero... almacenamiento
« Como Luz

- a quimicos  Fotosintesis, biocombustibles

DC, WIS-AERI 04-2013



J. Golbeck PennState

Fotosintesis Natural

02 10.000 l/day

+

\‘”Q 12 kg sugar/day

> (CH,0) + O,T + energia quimica

carbohidratos

clorofila
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Posibilidades en LA BOTANICA

wiww imagesofanthropolagy comiPeru_South_America_Pecple_and_Places_page_1 htmi



BIOCOMBUSTIBLE
Total:

2011 produccion ~ ~
0.08 TW

= 50% de lo que es sostenible
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El Sol como fuente de energia

* Calor Solar
- directo Calor, fresco
- a quimicos Combustibles (a través de temp altas)
- a electricidad indirecto (viento) > turbinas

pero... almacenamiento

« Como Luz
- a quimicos  Fotosintesis, biocombustibles

-a electricidad  Celdas solares (fotovoltdicas)
pero ...

DC, WIS-AERI 04-2013



Celdas Solares (r)evoluciones

& nuestras contribuciones

3d generation

242 generacién Tio a
Cd ; |

1ra generacion

Si

TR

nano-crystalline

— ~ 20 nm
poli-cristalino ) ) .
——damorfo———— mas barato? mas sencillo? »
um

Mono- & multi-
cristalino

organic (polymer/

small molecules
cm
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. Instituto Weizmann - |
Alternative, Sustainable Energy Research Initiative Niaramfvarsalgn’s o

ey
4Ty

WEIZMANN INSTITUTE OF SCIENCE

Algunas fortalezas probadas del Instituto Weizmann
en

Ciencia bdsica multi- e inter-disciplinaria

Materiales ciencia-nano- y molecular; electronica
fisica/biologia/quimica

Ciencias de la vida-

Biologia estructural, ingenieria genética, botdnica
fisica/biologia/matemdticas

Fisica- plasma, dptica
materiales
3yimica-.ca’ré,lisis o
isica/biologia/matematicas

+ Energia Solar: Celdas solares (29 & 3m generacidn
Fotosintesis (e.g., algas)
Energia solar concentrada (torre)
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SE NECESITAN
Nuevos materiales, mejor optica

Por hacer
* "malos buenos materiales”

COMO?

* Materiales con autorecuperacion r
Roll

AV y

DC, WIS-AERI 04-2013



Hubble, Telescopio Espacial (HST)

celdas solares del Hubble,
retiradas después de 8.25
afos en el espacio



Los regalos de Dios a la humanidad
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SE NECESITAN
Nuevos materiales, mejores dpticos

Por hacer

* mejor uso de la luz solar

COMO?

y ép’ricos mds inteligentes

‘ Roll M
L J

DC, WIS-AERI 04-2013



Mejor uso de la energia solar
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SE NECESITAN
Nuevos materiales, mejores opticos

Por hacer

- fabricacion sencilla de celdas

COMO?

* Auto-ensemblaje
* Pintura solar

DC, WIS-AERI 04-2013



El Sol como fuente de energia
* Calor Solar

- directo Calor, fresco
- a quimicos Combustibles (a través de temp altas)
- a electricidad indirecto (viento) = turbinas

pero... almacenaje

« Como luz
- a quimicos Biocombustibles (pero

n

—aqguimicoo 1 oloolriiesio arrrprcidi

-a electricidad: Celdas solares (fotovoltaicas)
(+ indirecto: viento, solar, térmica)

DC, WIS-AERI 04-2013



()
Centrales eléctricas de céldas solares HOY

La planta eléctrica-solar mds grande del mundo
0.25 6W, (= ~50 MW ) la planta Agua Caliente en EUA

1/°13 Capacidad global
.| instalada de potencia PV
PR ~0.1 TW,

PRC meta >2012 -
> 0.01 TW /ano o—

30 TW, (~ 6 TW,) >
requuere 1 de estas plantasfad
cada HORA, por los siguiente

S
16 anos (+ un poco de al

DC, W I ARIO-(';Q

(o)
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Presentation Notes
PRC 2011 2 GWp solar (PV)


Energia Edlica

7= / 2082
Parque edlico mds grande:
Alta (Oak Creek-Mojave)

1.326W, (= 0.45 6W,)
Para ob’rener' 10 TW,

3 / dia por 20 afios
PRC meta:~0.05 TW_en 10 ahos

costa afuera

1-2013


Presenter
Presentation Notes
PRC 2011 40 GWp wind power


¢10 TW de electricidad de carbon?

Capacidad de generacidn eléctrica en México: ~0.06 TW (0.56 kW/capita)
Capacidad de generacidn eléctrica de Israel: ~ 0.016 TW (1.95 kW/capita)

Plan de crecimiento de electricidad de China: 0.1 TW/aso .....

Entonces: "si lo deseas,
ho es un sueno”.

.....

En dicha plan’ra

-cada dia, e

-

“por los siguientes.. - 11 afios

2.5 GW Planta de energia a carbon-Hadera

DC, WIS-AERI 04-2013



"si TU lo deseas,
no es un sueho”

optica mds inteligente, pintura solar ... 2
Fotosintesis natural, inteligente:
ingenieria genetica/metabdlica, biologia sintética.. ?

Video-Conferencias 3-D (holograficas)

Cuchillas de turbinas eolicas con "memoria de la
forma

Energia Nuclear mds limpia y segura

y ..
IA donde nos lleve la creatividad y la curiosidad!

DC, WIS-AERL 04-2013



S Weizmann Institute's

EoeE

Alternative, Sustainable Energy Research Initiative higrasfvarzalon’a o

WEIZMANN INSTITUTE OF SCIENCE  F

Energia, es e/_Rg’ro Global

! -'..'- ¥ " = o '. !
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A a2 = i o
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o

ﬁq " s que ’rraba JGF Jﬁu ntos
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] &ﬁ

Levan’rar“se ante el RETO ENERGEITICO (9 W)
puede ser el adelan’ro mads mpor’ran’re de Ia humanidad

& pero ..

para que esto ocurra, necesitamos empezar...
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Presentation Notes
These four spots light define the Hawaiian Islands;
Nigeria produces little light though its population is almost half that of the united states
Ribbon of the light corresponds to the Nile river in Egypt
Reunion and Mauritious are small but prosperous while Madagasgar has 18 million is almost dark
South Korea is prosperously bright while North Korea only has its capital Pyongyang lit up;
Trans-Siberian railroad is a thin stretching form Moscow through the center of Asia to Vladivostok


Where Does The Energy Go?
Introduction

Human-made light is visible in this view of the Earth. The brightness of the light graphically illustrates local fossil fuel consumption.  Brightness does not necessarily correspond to human population. For example, the Island of Madagasgar holds 18 million people yet it is almost totally dark.

Place your mouse on the yellow circles for additional information. earth at night
About Earth at Night

Hundreds of photographs taken over the course of a year were combined to make this picture. The photographs were made by a satellite on cloudless nights. Much larger and more detailed versions of this picture are available at:

http://visibleearth.nasa.gov/cgi-bin/viewrecord?5826  



Weizmann Institute's Alternative Sustainable Energy Research Initiative

http://www.weizmann.ac.il/AERT/
Presentations are at http://www.weizmann.ac.il/AERI/presentations.html

Todo lo que digo ahora es el momento
a la manera de desviar asteroides
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