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To supply present 12 Tw with biomass we need 10.000.000 km2. \

with eolic 3.000.000 km2.
with solar pannels (FV or thermic) 1.000.000 km2.

with nuclear or thermal stations 100.000 km2.







“There is no favourable wind if we don’t
know where to go” Séneca







Present situation and perspectives of promising energy technologies

Renewable energies

» Solar thermoelectric. Energy in climbing speed
» Photovoltaic. Promising expectations

» Thermal, electricity and transport applications of biomass.
Energy saving and efficiency

* Buildings
Hydrogen and fuel cells

* Hydrogen production

e Fuel cells
Clean combustion of coal

» CO2 capture separation and storage

_ -_Clean combustion
Fission eneergy

* New sustainable fission energy for the medium term
Fusion energy

* The long term solution




WORLD WIND ENERGY

MW installed in 2009
USA
Germany
China
Spain 13%
India
France
Italy
UK
Denmark 20%
Portugal 15%
Rest

Total

32.919
25.030
20.000
18.263
10.742
4.655
4.547
4.015
3.384
3.301
14.095
140.951

World Wind Energy - Total Installed Capacity (MW) and Prediction 1997-2010

Technologies in development

» Off-shore
* Distributed eolic energy
* Energy storage

 Dispatchability




Wind Energy In Spain

20.155 MW
planned in
2010
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Present situation and perspectives of energy technologies

Renewable energies
* Wind. A consolidated energy in traveling speed

» Photovoltaic. Promising expectations

 Thermal, electricity and transport applications of biomass.
Energy saving and efficiency

* Buildings
Hydrogen and fuel cells

* Hydrogen production

e Fuel cells
Clean combustion of coal

» CO2 capture separation and storage

_ -_Clean combustion
Fission eneergy

* New sustainable fission energy for the medium term
Fusion energy

* The long term solution
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With Spain at the Epicenter, Global Concentrated So  lar
Power Industry to Reach 25 GW by 2020

Cambridge, Massachusetts, 28 April 2009 - Led by development in Spain and
potential in the US, concentrated solar power markets are entering a new growth
phase, amidst a tumultuous global economic landscape. The CSP industry is
scaling rapidly with 1.2 GW under construction as of April 2009 and another 13.9
GW announced globally through 2014, according to a new study from Emerging
Energy Research analyzing global CSP markets and strategies.

Spain is the epicenter of CSP development with 22 projects for 1,037 MW under
construction, all of which are projected to come online by the end of 2010. Despite
only 75 MW of CSP under construction, the US continues to offer significant
opportunity for CSP, with 8.5 GW in the pipeline and scheduled for installation by
2014. Attracted to promised lower costs, US utilities have turned to CSP -- through
both Power Purchase Agreements and direct ownership -- to meet their
Renewable Portfolio Standard mandates.




# 150 MW ISCC at Hassi R 146 MW ISCC at Kuraymat
470 MW ISCC at Ain Beni Mathar 100 MW in Abu Dhabi

The Desertec and the Mediterranean Solar PI )
Solar Mediterranean Plan — Solar Thermal Electricity: Project Cost Projections (cost per kWh for the initial 20 e
years)”

Year New Installed | Investment Accumulated Annual Production Transp. & | Total Cost
Capacity (EKw) Power (MW) Investment Costs {c€kWh) | Loss. {(cEkWh)
{maw) (€ x 1,000) Costs
. | {c€kWh)

1000000 | 216 23 | 233
1456311 | 206 22 | 228
2356490 | 196 21 217
2014 700 4576 1,700 3,202,996 187 24 208
2015 1,000 4,442 2,700 4442435 | 178 20 | 198

2011 200 5,000 200 |
|
|
|
|
2016 | 1,400 433 4100 | 5,038,261 | 169 , 20 | 189
|
|
|
|

2012 | 30 4854 500
2013 500 4713 1,000

2017 | 2000 | 4187 6,100 8374843 | 16.1 19 | 180
2018 | 2900 | 4005 9,000
2019 _' 4 500 35T 13,500
2020 6,500 3,832 20,000

| Total Investment in Power Plants 81,331,414
Total Investment in Transmission Lines 16,000,000
Total Solar Programme Investment 97,331,414
(UAfter repayment of the debt, this total cost will decrease to a fraction, as only O&M costs will remain
(@ After 2020 we may expect further reduction in the kiWh cost

11789827 | 154 1.3 |___173

|
|
|
|
|
]
|
|
I
17,761,708 145 _ 18 | 164 |
24008544 | 139 18 | 1572 |




Present situation and perspectives of energy technologies
Renewable energies

* Wind. A consolidated energy in traveling speed

» Solar thermoelectric. Energy in climbing speed

 Thermal, electricity and transport applications of biomass.
Energy saving and efficiency

* Buildings
Hydrogen and fuel cells

* Hydrogen production

e Fuel cells
Clean combustion of coal

» CO2 capture separation and storage

_ -_Clean combustion
Fission eneergy

* New sustainable fission energy for the medium term
Fusion energy

* The long term solution




Photovoltaic installed power in Europ (W/habitant) in 2009
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SOLAR PHOTOVOLTAIC IN SPAIN

3.210 MW

S |

Target 2010, 400 MW ‘
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Present situation and perspectives of energy technologies
Renewable energies

* Wind. A consolidated energy in traveling speed

» Solar thermoelectric. Energy in climbing speed

» Photovoltaic. Promising expectations

Energy saving and efficiency
* Buildings
Hydrogen and fuel cells

* Hydrogen production

e Fuel cells
Clean combustion of coal

» CO2 capture separation and storage

_ -_Clean combustion
Fission eneergy

* New sustainable fission energy for the medium term
Fusion energy

* The long term solution




WORLD BIOMASS ENERGY IN 2007
BIOMASS BIOCOMBUSTIBLES APLICATIONS
Forestry, agriculture, l el ehergy
(Domestic,Industrial)

industrial wood, and A :
: -Solid Biocombustibles - :
agroindustrial solid 59 7 £ 0,15 EJ In Spain

wastes - I!EHJ

Lignocelulosic cultivations.

Electricity
45 GW

-Biogaz

- 11EJ \_’ 596 MW in Spain

y, .
.N/

-~

Y N
~y “w
Sugary cultivations
Ce?ea?/s = -Biocarburants 1,4 EJ
Oleaginous 1,1 bioethanol —
0,3 biodiesel . =

Total: 55,2 EJ in 2007 (12%)




BIOCARBURANTS. STRONG GROWTH
Biocarburant production in 2007

Unidos
26000 20000 2300 7400 55700
-]

World biocarburants production in 2007: 65 Mi
Bioethanol will have a yearly increase of 10 -12 % till 2020
Biodiesel will reach 160.000MI in 2020

Saab 1.9i certified for L

Bioethanol filling station. Ford chus 16| flexi fuel

Maringa-Brasil. 1988 biodiesel




Present situation and perspectives of promising energy technologies

Renewable energies
* Wind. A consolidated energy in traveling speed

» Solar thermoelectric. Energy in climbing speed
» Photovoltaic. Promising expectations

» Thermal, electricity and transport applications of biomass.
Energy saving and efficiency

* Buildings
Hydrogen and fuel cells

* Hydrogen production

e Fuel cells
Clean combustion of coal

» CO2 capture separation and storage

* Clean combustion
Fission eneergy

*

Fusion energy
* The long term solution




SUSTAINABLE NUCLEAR FISSION ENERGY ROAD MAP
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Present situation and perspectives of promising energy technologies

Renewable energies
* Wind. A consolidated energy in traveling speed

» Solar thermoelectric. Energy in climbing speed
» Photovoltaic. Promising expectations

» Thermal, electricity and transport applications of biomass.
Energy saving and efficiency

* Buildings
Hydrogen and fuel cells

* Hydrogen production

e Fuel cells
Clean combustion of coal

» CO2 capture separation and storage

* Clean combustion
Fission eneergy

* New sustainable fission energy for the medium term
Fusion energy




FUSION ENERGY. GETING ON

Fusion product, njte. T, (x1020 m=23 s, M°C)
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Planta de ensayos de pequefios aerogeneradores |

CEDER. Lubia SORIA
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" LECE (Laboratorio

de ensayos Energéticos
para Componentes de la Edificacion) at PSA
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Fotovoltaica
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Micro-pilot plant of cathode
spraying to processing 30 X
30 cm samples
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1.- Central Receiver

?.- Parabolic Troughs

3.- Direct Steam Generation
.- Stirling Dishes

.- Solar Furnace

.- Water Detoxification

.- Water Desalination

.- Bioclimatic Arquirtecture

.- Fresnel Linear Reciever




Potencia: 1.8 MW
400 °C, 120bar.

Proyecto DISS: CIEMAT, DLR,
IBERDROLA, ENDESA, INABENSA,
INITEC, PILKSOLAR, SIEMENS, ZSW.

PSA DISS collectors in operation
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License for a anti-glare tube absorber coating
(EP 1329433) to two companies in Spain and
Pekin




Molten salts receptor installed in the
70 level of CESA-1 tower (Gemasol)

Receptor con aire a presion
(SOLGATE) instalado en la
torre CESA 1




The SSPS tower The HYDROSOL Il reactor on the SSPS tower
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APROX. 7 kg biomass/liter ethanol
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Tratamiento cat#tico. Escala de laboratorio
20 Nnv/h, 350 - 55@ C, presdn atmosérica

Planta piloto de limpieza de gases calientes
20 Nr3/h, 973K, 20 atn
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Pilas de combustibley sistemas integrados

#

- Conversion de biogas en pilas MCFC
- Sistemas aislados de baja potencia con PEMFC

FIRST project for solar energy

conversion, hydrogen generation  and Laboratory for the preparation of
consumption in a fuel cell Biometanization components
plant: treatment

of urban solid

wastes in Pinto

(Madrid), where a

MCFC type fuel

cell converts

biogas to

electricity

(EFFECTIVE

project)
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CONCLUSIONS

For environmental, security and economic reasons world energy
system is in a crossroad

We must change quickly to a CO2 exent economy

Policies and technological strategies are in the way.Technologies to
solve the problem are in development. This could be a big chance

for EU economy.
If we do our work, we’ll get out of the crisis reinforced

Spain is in a good position in renewable energy technologies. Must
continue pushing this area.

Not any technology exnt of CO2 can be rejected. We need all of
them.

CIEMAT is a R+D center devoted to solve the technological needs
for the Spanish energy policy







