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Revoluciones pendientes para el cambio de modelo energético

Prof. Pedro GoOmez Romero

Institut Catala de Nanociencia i Nanotecnologia, ICN2 (CSIC-BIST),Bellaterra (Barcelona).
Col-lectiu CMES per a Nou Model Energetic i Social Sostenible. 4 Sept 2017



La huella de nuestra especie favorite




Evolucién del consumo global de energia... y de recursos
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La autoinsuficiencia humana
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15TW = 15,000,000,000,000 vatios
100 vatios /humano

150,000,000,000 humanos
7,500,000,000 humanos/Tierra

20 Tierras






Crude oll prices 1861-2012 - ; Cémo hemos llegado a esto?

US dollars per barrel, world events

Fears of shortage in US

Post-war reconstruction

Yom Kippur war

Iranian revolution

Asian financial crisis
Netback pricing

Sumatra Growth of Venezuelan Loss of Iranian
production production supplies ‘introduced
Pennsylvanian Russian  began  Discovery of |East Texas field 1Suez crisis Iraq Invasion ‘Arab
oil boom oil exports | Spindletop, | discovered invaded of lraq  Spring’
began Texas Kuwait
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Annual oil production (billions of barrels)
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See also Science, vol. 281, Aug. 21,1998, p.1128




Brought to you by your Fracking Fossil Fuel Company



Petroleo

Phase Out oOr Peak Oil

Esfto ya ocurrid



The peak-buffalo story (| mean...history )
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BUFFALe SHORTAGE?
WHAT BUFFALC SHORTAGE ?
GIVE ME ENoUGH MONEY
FOR GUNS AND SCOoUTS, AND

T'LL GET You ALL THE
BUFFALS You NEED!

v, (L T

il
/‘/”i///?/

V(14

From ouffalo-bullies ...t1o cow-boys



¢,La solucion al negro panorama de la energia?

Combustibles
mas LIMPIOS

fuentes
RENOVABLES
de energia primaria AHORRO
Y
EFICIENCIA ENERGETICOS






Fuentes primarias: ¢ Sol arcaico o moderno?

Fossil fuels
Global reserves/resources

Q .
1

348 155 &0

Energy potential/Global
annual energy consumption

Renewables
Global energy potential per year

20 200

2850

Energy potential/Global

annual energy consumption !

Energy potential Thereof conven- Energy potential technologically utiliz-
Reserves/Resources® tionally utilizabl e? (amount of energy p. a.)2 able (state of the art)
i Coal ~ 135.000EJ Solar radiation ~1.111.500EJ ~ 1482 E)
—j' Natural gas ~ 60,400 EJ ~12.000 EJ . Wind energy ~78.000EJ ~195E)
B Crudeoil ~23000E) ~ 9.800EJ | Biomass ~7.800E) ~ 156 EJ
B Geothermal ~1.950EJ ~390EJ
] Flobal energy demand 2006: ~ 470 EJ B ydroitide power -~ 1.170EJ ETY

1 EJ = 1 exajoule or 108 joules or ~163 million barrels of oil.
Data source: German Federal Institute for Geosciences and Natural Resources



The Times They Are A- Changln‘ oy

Come gather 'round people
Wherever you roam

And admit that the waters
Around you have grown

And accept it that soon

You'll be drenched to the bone
If your time to you

Is worth savin’

Then you better start swimmin'
Or you'll sink like a stone

For the times they are a-changin’

1964

Robert Allen Zimmerman (1941-)
Nobel Price in Literature, 2016



iEl futuro esta acqui!

parque eolico
(Iberdrola)

Huerto solar en Castilla La Mancha. Solaer
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Espaia, la mayor potencia termosolar mundial

Megawatts
3,500 World Total
3,425 Megawatts
3,000 M Rest of World
I Spain
2,500 I United States

2004 2005 2006 2007 2008 2009 2010 2011 2012 2013

http://cleanleap.com/02-market-and-industry-trends/concentrating-solar-thermal-power-csp
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Renewable eleciricity in Spain (%)

2012 USA 13%
2012 Germany 24%

. 2012 Denmark 51%
I 2012 Japan 13% o 428
. 2012 France 15% 7.1

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
Red Eléctica Espafniola - Elaboracion grafica por Wikipedia Afig



Percentage of Electricity Generation
from Renewable Sources

(Hydro, Geothermal, Solar, Biomass, Wind)
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Data Source: http://en.wikipedia.org/wiki/List_of countries_by_electricity production_from_renewable_sources



oros y contiras cde las energias renovables

contras

Solar NO funciona de noche
Edlica NO funciona sin viento

pros

Solar Funciona sin viento
Edlica Funciona de noche
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A 32 MW fleet of batteries smooths the output from AES Corporation’s wind
farm in Laurel Mountain, W.Va. MRS Bulletin « Vol 37 « Nov 2012



£nergla centralizada... o distribuida
Srnari Gricls

Gas / Biomass

@)) ("’) Sensors +
ICTs actuators

CSpP

S

offer + demand
management

PV + thermal




energla centralizada... Y distribuida
Srari Grids

Gas / Biomass

@)) ("’) Sensors +
ICTs actuators
CSP

PV + thermal

. S

offer + demand
management




Generacion (y almacenarnienio) distribuidos
¢, Cuanto falia para el futuro?

Paridad de red

PV + thermal

‘ Dual gggggzyumtl




/,son caras las renovables?

@Crear' |@D%‘E}@@&|}@)

Comentario

Compartir

PO B |©® | —

N
1) Solar is currently competitive without subsidies in at least 19 markets
globally and we expect more markets to reach grid parity in 2014 as system
prices decline further;

Figure 1: Markets at Grid Parity
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$0.30
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$0.05

# LCOE (S/KWh) Average Cost of Electricity (S/KWh)

Source: DB, BLS, Ontario Energy Board, Mexican Ministry of Energy. Chile Energy Group, Argentinean Secretary of Energy, NASA, Tepco, Chinese Economic Observer, Beijing International, Indian Central Regulatory
Commission, Australia Power and Gas, Saudi Electric Company, Eksom, EuroStat
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/,son caras las renovables? Paridad de Red

Archive  Edicion Ventana Ayuda
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Deutsche Bank
Markets Research

North America
United States
Industrials

Clean Technology

Industry

Solar

2014 Outlook: Let the Second Gold
Rush Begin

Demand Could Surprise to the Upside

While we have been generally constructive on the global demand outlook, we
are raising our 2014 and 2015 demand expectations to ~46GW and ~56GW
respectively. We believe upside demand surprises from the US, Japanese and
Chinese markets could continue in 2014. We expect streamlined incentive
programs in China, additional subsidy cut signals in end 2014, and decreasing
financing constraints to act as catalysts for upside. Similar to the '05-07
capacity rush, we expect another gold rush by downstream installers to add
recurring MW ahead of policy changes over the next 2-3 years. Moreover, we
expect grid and financing constraints to improve from 2014.

Supply Situation to Remain Tight
We expect global project finance focus to remain skewed towards
downstream as opposed to upstream, which in our view could limit capacity

Date
6 January 2014

Industry Update

Vishal Shah
Research Analyst
(+1) 212 250-0028
vish.shah@db.com

Jerimiah Booream-Phelps

Research Associate
(+1) 212 250-3037
jerimiah boaream-phelps@db com

Susie Min
Research Associate
(+1) 212 250-9379
susie.min@dhb.com

/

ITop picks
Trina Solar (TSL.N),USD15.35
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/,son caras las renovables? Paridad de Red

Archivo  Ediciol

@Crear' ‘@u@|@@@|}@@)
[ ]oen W& [0 @ ]| 5 B

Renewable and Sustainable Energy Reviews 15 (2011) 4470-4482

Contents lists available at SciVerse ScienceDirect

Renewable and Sustainable Energy Reviews

journal homepage: www.elsevier.com/locate/rser

A review of solar photovoltaic levelized cost of electricity

K. Branker®, MJM. Pathak® GG jyen the state of the art in the technology

3 Department of Mechanical and Materials Eng

pmeneoemmerseeneeeeere-and favourable financing terms it is clear that
ARTICLE INFO PV has already obtained grid parity in specific
locations and as installed costs continue to

Accepted 5 July 2011

pateoninesseerieron——— decline, grid electricity prices continue to

Keywards:

escalate, and industry experience increases,

Levelized cost
LCOE

Grdparty PV will become an increasingly economically
advantageous source of electricity over
expanding geographical regions.




/,son caras las renovables? Paridad de Red

RESIDENTIAL PV PRICE PARITY - RESIDENTIAL POWER PRICE
VERSUS LCOE

$/kWh 0.40 eDenmark More sun

i ‘ Germany

0.30

0.25 « Hawaii

0.20 - : : oy @ Australia

South K .Turkey
0.15 - - °53 ®New Jersey—p
Argentl

0.10 . Canad@)

2 Mexico
0.05 - s South India

SaudiArabia
Indonesm

0.00 - -
800 1000 1400 1600 1800 2000

Potential
@ residential ' EMEA ‘ ASOC ‘ AMER kWh/kW/year
PV market

Note: LCOE based on 6% weighted average cost of capital, 0.7%/year module degradation, 1%
capex as O&M annually. $3.01/W capex assumed for 2012, $2/W for 2015. Source: Bloomberg New Energy Finance

Bloomberg / [ [ [ | |




/,son caras las renovables? Paridad de Red

PV EXPERIENCE CURVE, 1976-2012
2012 $/W

PV MODULE PRICES HAVE
FALLEN 80% SINCE 2008
20% IN 2012 ALONE

10 100 1,000 10,000 100,000 1,000,000
+ historic prices (Maycock) ——experience curve MW
Chinese ¢-Si module prices (BNEF) ——Thin-film experience curve
 First Solar thin-film module cost

MNote: Prices inflation indexed to US PPL Source: Paul Maycock, Bloomberg New Energy Finance

Bloomberg/ [ | | MICHAEL LIEBREICH, Delhi, 17 April 2013 TWITTER: @MLiebreich 8

NEW ENERGY FINANCE




La Contrarreforma en Espana

¢ Denmark
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la ciencia y la tecnologia
como palancas para el cambio
del modelo energético



Grafeno para un futuro sostenible
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Los nanomateriales al rescate de la energia
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Se busca: Silicio Solar barato

Silicio 99.999%

Solar Cell

Solar Module

Seed

Solar Panel

Single Silicon Crystal

QuartzCrucible = FCOESESSEEeEsEs (S0 DR EEERERERE

............

‘Water Cooled Chamber ' ..............

Heat Shield
Carbon Heater
Graphite Crucible
Crucible Support

Spill Tray

15% eficiencia




50

48

44

40

36

Efficiency (%)

20

16

12

Eficiencias record Solar PV
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Celdas solares basadas en
perovsquitas hibridas

Methylammonium Lead lodide perovskite

2009: 4.9% - 2015: 20%

rcu NH,Pbl, Cg | BCP Al

Planar /3:\.,

Hetero;unctlon [0)

'I// ITo -4.2
PEDOT PS

-7.0

Planar Heterojunction
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Energia solar sin plomo

6.4 %

Lead-free organic—inorganic tin halide perovskites for photovoltaic applications

Nakita K. Noel et al. Energy Environ. Sci., 2014,7, 3061-3068
101



Nano y Celdas Solares
Dye-Sensitized Solar Cells (Gratzel)
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Nathan S. Lewis, et al. Toward Cost-Effective Solar Energy Use. Science 315, 798 (2007)
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counter
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Nano y Celdas Solares

Nanoestructura para “ortogonalizar” la absorcion y la separacion de carga

\

Fig. 3. Arrays of nanorods, illustrating an approach to orthogonalization of the directions of light
absorption (down the length of the rods) and charge carrier collection (radially outward to the surface
of the rods). [Adapted from (2)]

Nathan S. Lewis, et al. Toward Cost-Effective Solar Energy Use. Science 315, 798 (2007)
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Nano y Celdas Solares

Costes y eficiencias

US$0.10/W US$0.20/W US$0.50/W
| 7 P
193 1/ ! e Thermodynamic limit
}'4. min BOS / L7 at 46,200 Suns
/ Fd
Ultimate
. &= thermodynamic
2 limit at 1 Sun
>
= | US$1.00/W
o
T
T
Shockley-

Queisser limit

US$3.50/W

200 300
Cost (US$/m?)

Nathan S. Lewis, et al. Toward Cost-Effective Solar Energy Use. Science 315, 798 (2007)
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Nano y Celdas Solares

La importancia de ser nano

A
Conduction band
Ec o —
/N
ErfoA==== QU= =A === f==3%
.
Quantum Mini-band
AV
Ey

Valence band

B

W\~ 1

Conduction band

Q = To contacts

00

ob
Photon

A

N\

E2 _’/\\EQ'-
=

E1 s

—1

Quantum
wells

To contacts

Valence band

Fig. 2. Possible methods of circumventing the 31% efficiency limit for thermalized carriers in a single—band
gap absorption threshold solar quantum conversion system. (A) Intermediate-band solar cell; (B) quantum-well

solar cell. [Adapted from (2)]

Nathan S. Lewis, et al. Toward Cost-Effective Solar Energy Use. Science 315, 798 (2007)
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ENERGIA ESPECIFICA (Wh/Kg)

Diagrarna de Ragone.
ajedrez del almacenarmienio
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D. P. Dubal, V. Ruiz, O. Ayyad and P. Gomez-Romero, Chem. Soc. Rev, 2015
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Almacenamiento de energia hibrido

Graphene-Polyoxometalate Hybrid Nanocomposite
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Stable Graphene-Polyoxometalate Nanomaterials for Application in Hybrid Supercapacitors.
J. Suarez-Guevara, V. Ruiz,, P. Gomez-Romero Phys.Chem.Chem.Phys., 2014, 16 (38), 20411.



Hybrid energy storage
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Hybrid energy storage
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NEO-Energy

Novel Energy-Oriented Materials
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Electroactive Nanofluids for

New Flow Cell Concepts.
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Politicay politicas




Change in Petroleum Consumption for G7 Countries 1980-2007

Change in petroleum consumption for G7 countries on the basis of million
barrels per day (G8 couldn't be compiled because data for Russia is only
available from 1992, after breakup of the Soviet Union); All of Europe also
shown in comparison. Data source: U.S. Department of Energy,

. Compilation and chart: Nanowerk)


http://www.eia.doe.gov/emeu/international/oilconsumption.html




Se acabo la fiesta del malgasto de energia del primer mundo.

Urge una politica proactiva para desarrollar/favorecer energias
(y combustibles!) limpi@s, renovables capaces de alimentacion
masiva (2050, 28 TW)

Vamos a asistir a una Re-evolucion tecnoldgica hacia un
modelo sostenible de generacion, almacenamiento y consumo,
basada en revoluciones cientificas:
Biocombustibles de 22 y 32 generacion
H, Generacidon sostenible y almacenamiento eficiente
Pilas de combustible baratas, sin Pt
Si solar barato o materiales alternativos
Baterias de alta densidad de potencia y recarga rapida
Supercondensadores de alta densidad de energia
LEDs blancos, brillantes y baratos



Un planeta ‘
en busca de energia

Pedro Gomez Romero

Il Edicion del Premic de Ensayo
_Esteban de Terreros

cLITORAL
SINTESS

¢ Otras fuentes de energia?
.Y las nucleares?

¢Energia de fusion?

China, ¢fuente de soluciones
Economia o Medio Ambientse
|_as facturas de la Tierra

.Y el agujero de ozono?

¢ Cabe esperar un milagro?

(Ed. Sintesis, 2007)
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