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Solar Energy

@ w12 3 @12 4

— AHETR
Solar heat collgetor @ .

No Air Pollution

No Water Pollution

No Noise Pollution

No Solid Waste

No Radiation Risk

No Transmission |

Lines 'm'g% mg

No Cooling Water @ 1

‘ Solar Heat Applicadons Photovaltaic Generation
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Solar Water
Heating

A worldwide goal of several hundred million
new square meters of solar water heaters by
2010 is appropriate to the state of the
technology and the economics.
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Product value chain

= |
-
- - - -
silicon e 0 Solar Module
Solar Cell

Off-grid e.g. solar home system
BEFABET A

Grid connected system
Twisn
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Focus on the key growth areas in the PV

w market segments*
L e Off grid & 3
| |moffgrid 3. world
1400 D Off grid 1. world
1900 |0 PVDiesel

 Grid connected
B Solar power stations

1000

800

Large volume
grid-connected

I@b’eﬁed in REC’s January Strategy paper, based orﬂwz 10
Safasin Basic report — Photovoltaics 2002, excluding consumer products

i

Solar Photovoltaics (PV) * F& it & iX:
= R ST A
It is an industry that is
doubling every two years

Worth $3.5 billion in 2002, it

can grow to $27.5 billion per
year by 2012.

ECN Building
30 kW -5

Water Houses
5 kW each
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Kindergarden

|8y | Gifu, Japan
| 9.5 kW System W12
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Photovoltaic
system ‘tree' in
Styria, Austria
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~_motors can operate at night.

BERNE, Switzerland, July 9 (UPI) -
- Asolar-powered airplane this week
completed a record-setting test flight
of more than 24 hours over
Switzerland.

The slender and long-winged airplane,
called Solar Impulse, flew to an
altitude of 28,000 feet above sea level
at an average speed of 25 miles per
hour, the organizers said. Solar
Impulse is decked with 12,000 solar
cells that collect energy during the
day so that the plane's four electric
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Small Power Plant
Austria
400kW System 400" 7|
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Large-scale photovoltaic power plants
rankingl1-50 (P %% 7 -+ &)
http://www.pvresources.com/en/top50pv.php

Power Location Sictire
80 MW

i"’i Canada,

Sarnia

(Ontario)

Picture courtesy:
Eirst Solar

60 MW —
m— Spain,
Olmedilla

(Castilla-La Mancha)

Picture courtesy:
Suravia S.A.,
fotografia aerea
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Sarnia Photovoltaic Power Plant

Py — O

CONCENTRATORS ARE ANALOGOUS TO THE FUEL OF
CONVENTIONAL SYSTEMS AND RECEIVERS CORRESPOND
TO BURNERS/BOILERS

CSP:
Concentrated
solar power




2010/10/26

154 megawatts 154 fIF’JJFL solar photovoltaic power station
Bk 2 R B R B T R e (2006)

World's Largest Solar Power Plant Coming to Arizona in 2011
by Mahesh Basa 0217

ITHEATHR

Operatianal Solar Thermal Power Stations
Capaciy = = Technology
H H MNotes =
w2 HName Country Location ypaE ctes
Solar Energy Genensting |
Systerrs.

4 parasolc ough | Colechon of 9 unts

Solrova 1 completed May 2010
150, Saoinova &= Spain | Savile paratotc Fough Soiova 3 compieted May 2010
Solnova 4 compisted August 2010 IR
Andasol 1 completed, 2008
EE Span | Graemda parabole bough| Andasol 2 compieted, 2009

- usa

Pusriolano. Ciugad
Real

50 ersol Cuded Real T Spain i Completed May 20001

50 Abvarado BS Spain | Badajor paratiole Bough Completed Juy 200617
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Solar Energy Generating Systems 354MW
nine solar power plants in California's Mojave Desert
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Wind Energy

-

Small (<10 kw)

* Homes

* Farms

+ Remote Applications

(e.g. water pumping,
telecom sites,
icemaking)

[
Intermediate

(10-250 kW)

« Village Power

« Hybrid Systems

« Distributed Power

~ Large (250 KW - 2+MW)

« Central Station Wind Farms

i-12

« Distributed Power
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Technology Developments
Average Turbine Size
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21 THE EvoLuTiON oF COMMERCIAL
U.S.WIND TECHNOLOGY

1990s e
- Seructurally scif #" Forecast
1980s + 1 bladad - upwind yaw-driven 7

80- . " = Variable speed and contnt speed
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| sy + Large size to reduce COE T50KW

+ Geared transmersion Future

* Induction generator Innovation

* Steel rut ar tube tower

500kW

* Low spoed direct drive generators
+ Custom pawer sloctroeics (igh sfficianey)
* Foedback control of drive train
and rotor leads
* Marg Nexible structuraly

Rotor Diameter in meters
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GLOBAL CUMULATIVE INSTALLED CAPACITY 1936-2008
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1979: 40 cents/kWh

2000:
4 - 6 cents/kWh

¢ Increased
Turbine Size

* R&D Advances

NSP 107 MW Lake Benton wind farm
4 cents/kWh (unsubsidized)

2004:

B cowisi s
I o site

Source: Risa DTU|

« Manufacturing 3 - 4.5 cents/kWh J BRELTE
mprovements ] RITE K LR
) @12 45 \ ) @12 4
(B EsRERENT
The world’s i
largest wind il

turbine is now
the Enercon E-
126. This turbine
has a rotor
diameter of 126
meters (413 feet).

938kwh/month
11.3MWh/year

W
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‘ Vestas

V90 wind
turbines
that have
a total
capacity
of 300
MW
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36MW

Geothermal Resources in the
Philippine

Installed capacity of 1,931 MW

World’s largest user for power
generation (25% of power mix)

Potential of 1,200 MW and more
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Geothermal/Hydrothermal Systems
Schematic Cross-Section
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. Hydro$en has the highest energy to weight
ratio of all fuels:

- 1 kg of hydrogen contains the same amount of
energy as
2.1 kg of natural gas or
2.8 kg of gasoline.

+ The energy to volume ratio amounts to about

1/4 of that for petroleum and
- 1/3 of that for natural gas.

% & AR A
< ApE

= Water consists of 11.2% hydrogen by weight.
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Security of Supply: Hydrog
from different sources 'Y

cxidation

Algea: Mau|- | utilizing the phee-

synthesis for hydrogen productiof

Wood: Pyrolyeie technology figy
hydrogen from blomass, =

Power: Water
wlectrolysis from
rengwable

en may be produced

g F
Gas: Natwral gas or bio-gas are hydrogen
sources with steam reforming or partial _i___ =

Oil: Hydrogen is produced with
wteam reforming or partial
ouidation from fossil or
renewable olls

Coal: With gasification technology
f hrydrogan may be produced from coal
l Abzohals lke sthanal end methansl
derived from gas or blomass - are
rich on hydrogen and may be
reformed io fydrogen.
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‘ Polymer Electrolyte Membrane (PEM) Fuel Cells
REF I (FF 28W) R

Fuel Cell: Get more energy out of the hydrogen

Hyd rogen
(Hz)
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« Polymer Electrolyte Membrane (PEM) Fuel Cells
ReEP TR (F+ 3) Bp e
*Direct Methanol Fuel Cells & 4% 7 f§ 7
eAlkaline Fuel Cells & |+ 7831 7 74
Phosphoric Acid Fuel Cells # & 3] %442 5
*Molten Carbonate Fuel Cells 3 fht ps B
«Solid Oxide Fuel Cells # 42 % i~ 4 * g
*Regenerative Fuel Cells £ 2 74 3 3%
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Emissions in Comparison

Emissions in mg/MJ

£ng nine e
e Gl G""Sw STt
Wt

Hydrogen - the ultimate fuel 9

Environmentally friendly — can be produced and used without pollution
Flexible — applicable in transportation, stationary & portable applications
Can be produced, stored and converted locally

As energy carrier hydrogen enables Increased use of renewable energy

= Technical challenges: productlon / storage ! end-use
New Infrastructure needed

& ei-12 66
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Hydrogen as energy carrier — Hydro priorities

Transportation sector

Renewable energy systems

Electrolytic hydrogen production equipment

Future large scale hydrogen production from natural gas

Hynor Grenland

First demonstration in the world of
cantralised hydrogen production with
pipeline transport directly to the H,
station

Demonstration of new and safa

solutions for H, stations (sub-surface

storage (high pressure filling planed

for 2006) HYDROGEN HIGHWAY: HyNor
wants to make it possible to drive
between Oslo and Stavanger in
hydrogen-powered vehicles

A future platform for testing new
technology

F L § B 28 (2006-2009
Can be expanded to become a FILTORSE b

distribution hub for hydrogen supply to
other HyNor stations

Enough hydrogen available for 100,000
cars

EVS Viking Rally 11-13 May 2009

* The Event A 570 km rally starting in Oslo
the 11th of May 200% and arriving two
days Iater in Stavanger al the opening day
of the 24 th Electric, Fue! Cell and Hybrid
Vehicle Symposium

* www, Evs24.0rg

* The rally is also the official opening of the
Hynor = The hydrogen road of Norway.

EREER]
* www.hynor.no
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lity
ystems
Utsira - the project n

Demonstrating the first hydrogen society in the world emote
reas

Produce hydrogen in an electrolyser when there is
excess wind energy available

| when the wind turbine

Utsira has enough wind power to be self-sufficient

Utsira system: How does it works

Control & regulating
system

H; storage

12
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Hydrogen Distribution Modes

Pipeline « .:._: J

Large Onsite Plants

SmallOnsitePlants (—
iy
Tube Tranlor- "-“*;'

& UsagemiDay 2,800 28,000 280,000 2,800,000

%é‘ﬁﬁﬁ-u 74
Global Energy Systems Transition, 1850-2150
Parcaniage of Totel Riarkel
Hydrogen ?
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