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Towards Sustainable Energy Systems?

Speeches 1 & 2 of 4:

1) Solar thermal Power Plants. On the verge to
Commercialization

(To introduce the technology, the survey the context, the
potential, the glabal and Mediterranean market, oportunities,

)

2) Concentrating Solar Power Technologies and
Innovations

(To introduce the technological options, the status of the
technologies, projects and innovations, ...)
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R Sl A little of history on solar energy use

e Since 4.500 millons of years the
solar radiation “powers” the
Earth.

e 700 years (B.C.): Glass used to
concentrate solar radiation to
produce fire.

e 300 years (BC): Grieeks and
Romans use mirros as weapons.

e 30 tears (BC): Vitruvio describes
in his 10 books the Solar
Architecture.

e Year 20: A Chinese document
describes the use of mirrors to
light troches in religious
ceremonies.
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* b Clemot - -
e A little of history on solar energy use

Utilization of concentrated solar energy to melt
antimony (French picture of XVII century)

Lea cabanar Slare de Feanbinos.,
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A little of history on solar energy use
&
Em#}
Solar furnance of Antoine Lavoisier
(Picture of XVIII century)
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Solar Engine of Augustin Mouchot during the
World exhibition of 1861 in Paris

s T
'
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A little of history on solar energy use

March, 28th 2006

1839: Scientific Edmund
Becquerel observes the
photovoltaic effect.

1861: French mathematician
Augustin Mouchot patents a
solar engine.

Late 1800s — Early 1900s:
wide use of solar energy
devices

1954: Beginning of
Photovoltaic cells

1973: First oil crisis

1981: AIE - Plataforma Solar
de Almeria starts its
activities

80’s: Other experimental
facilities for Concentrated
solar worldwide
(USA,FR,JP,IL,...) Slide 6



......

e Main Objectives of the Solar

-° : _

A Concentration Technologies
 Short term to midterm ® Electricity m
production Solar Radiation

e Midterm to longterm ® Solar Chemistry

Final
Objective:

Production
of “solar”
fuels
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Amsq What is Solar Thermal Power?

» One of the quasi-direct ways to

obtain power from the sun. RERN
> Four main elements are required: a OPTICABONCEN TRATOR

concentrator, a receiver, some form of
transport media or storage, and power
conversion.

» The concentrated sunlight (DNI) is
absorbed on a receiver that is
specially designed to reduce heat
losses.

» A fluid flowing through the receiver
takes the heat away towards the
power cycle,

> Air, water, oil and molten salt are
used as heat transfer fluids.

CERN Acad. Training. Toward Sustainable Energy Systems? _
Lecture 1 of 4: Solar thermal Power Plants; March, 28th 2006 Slide 8



STP-Technology Overview

» Many different types of systems are
possible, including combinations with
other renewable and non-renewable
technologies, but

> the three most promising solar thermal

technologies are: parabolic wough BEA) soiar Tower (SHL)

(Linear absorber:)

» 1A) Parabolic trough

» 1B) Linear Fresnel
(“~Punctual” absorber)

» 2) Central receiver solar tower

» 3) Parabolic dish

CERN Acad. Training. Toward Sustainable Energy Systems?
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e CSP Technologies in competence:
Solar Thermal Povv*er Plants: 2D

Curved mirror

Pipe with thermal
fluid
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éj::} \, Receiver / Engine

Solar Thermal Power Plants: 3D

%::} Solar
Receiver

.

L)

XXO00000T0

\/
/\

<

Heliostats

Central Receiver
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Technology comparison

Parabolic troughs

Dish-Stirling

Central Receiver

Power 30320 MW 10200 MW 5-25 kW

Operation temperature 390500 °C 565800 °C 750 °C

Annual capacity factor 2350 % 2077 % 25 %

Peak efficiency 20 % 1823 % 29.4 %

Net annual efficiency 11- 16 % 15 20 % 12-25 %

Commercial status Commercial Construction Prototypes demonstration
— Technical risk Low Low/Medium High

Storage availability Limited Yes Batteries

Hybrid designs Yes Yes Yes

Cost kW installed

EURO/KW 2 300 -2 500 2500 -2900 5 000 -8 000

Concentration Ratio ~75 suns ~200-1000 suns ~1000-3000 suns
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Binsa Potential of STPP

Only to give an order of magnitude

STPP Electricity:

i Annual world 1. Global solar radiation on | (TWh/year) 240 * 10°
consumption
e il earth

=i | 7% of earth surface
— Uranium 3. Solar fracton of DNI
available (70%
15%

el 5. Percentage of area with | (TWh/year) 16,8*103
good infrastructures
e 1% of dessert areas

6. World electricity demand | (TWh/year) 15 * 10°
~ ear 2000

1% of arid and semi-arid areas

Total energy resources

Annual solarenergy

are enough to supply annual
World demand of electricity

Source: World Energy Council
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K ol STPP, What can it do?

» “There are no technical,
economic or resource barriers to
supplying 5% of the world’s
electricity needs from solar
thermal power by 2040”

» “The STPP industry Is capable
of becoming a dynamic,
Innovative €16.4 billion annual
business within 20 years”,

»Solar thermal power is capable
of supplying electricity to more
than 100 million people living in
the sunniest parts of the world,
within two decades.
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o STPP or Concentrating Solar Power:

N\ s : S N
Applicatiog 4 Features
Fossil Hybridization 6 hours of storage
« distrib . N
« stand
pump ‘ ‘
12a 4a 8a noon 4p 8p 12a — 12a 4a 8a noon 4p 8p 12a
TN :
[/
kW's t 'S 10's to 100’s of 's

Dispatchability:

. with gas or liquid fuels : gas combined cycle « for peaking,
for extended Stirling or Brayton « coal, fuel oil, or gas steam load following, or extended
engine operation cycle operation

Manufacturing:

. (glass, steel, gears, heat engines, etc.) allows rapid
manufacturing scale-up, low risk, conventional maintenance

CERN Acad. Training. Toward Sustainable Energy Systems? _
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Dispatchable Power:

K Parabolic Troughs

» LUZ demonstrated that large- _’. HTF Heater

scale solar thermal systems

can meet users' needs. _’Dm Y
> 9 SEGS plants (354 MW)

continue to add to more than &

100 plant-years experience. Steam Generator

KJC
_________ _>

Conventional
EPGS

Technology Features:
30-200MW plants
Demonstrated technology
Easily hybridized
Storage options limited

CERN Acad. Training. Toward Sustainable Energy Systems? _
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Dispatchable Power:

Commercial Parabolic Troughs

Tubile 1. Characteristics of SEGS I through IX [1]
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Parabolic Troughs:

Status

» SEGS systems continue to set

records fOI’ Improved SOlar Kramer Junction SEGS Plant

performance Improvement
» O&M costs have decreased 30% 500 1 "5
with 10 years of experience and o .
development s s
* Results are applicable to other 27 S
solar thermal systems. S 2004 2 %
k [, O

1992 1993 1994 1995 1996 1997 1998

Direct-steam production and other
e technology enhancements are
SO Ly being devel oped to reduce costs

'

—
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Parabolic Troughs:

1@- &
) The Future
has
identified market and technology
paths forward
Green Markets

Advanced collectors
Integration with combined-cycle

plants
Tech Dev 0
0.15 —Policy 0
~——Tech Dev 1
—Policy 1&2 Harper Lake SEGS
US Green Packages —Tech Dev 2
€ 010 Entry mkts : : H
S I nter national project development is
& underway in Egypt, Mexico, Morocco,
O Interna.\tional Competiveness
W 0,05 [ ewe varkes Crete, and elsewhere
Although there are no current system
suppliers, major consortia have formed to
0.00 | | | | | bid on next plant opportunities
1995 2000 2005 2010 2015 2020

CERN Acad. Training. Toward Sustainable Energy Systems? _
Lecture 1 of 4: Solar thermal Power Plants; March, 28th 2006 Slide 19



Dispatchable Power:

S Power Towers

=« Numerous systems, including extensive
testing of Solar One and the PSA, have
demonstrated the potential of power
towers

« Solar Two (10MW) and TSA (1MW) testing
have demonstrated the improved
performance of advanced systems

‘ A o
Hot Salt Cold Salt
Storage Tank Storage Tank
I—» =
—=F — _—
P e
» Steam Generator
=
“ Tonveritonal ‘/

PGS Technology Features: Solar Two
50-200MW (and larger) plants for peaking and bulk
power
L ow-cost molten salt storage offers load following

and capacity factors >60%

CERN Acad. Training. Toward Sustainable Energy Systems?  Hybridization, especially of air systems, is Stl‘ai ght-
Lecture 1 of 4: Solar thermal Power Plants; March, 28th 2006 forward Slide 20
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Dispatchable Power:

LR L
L6 Experimental Power Towers in the Wold
Project Country | Power | Heat Transfer Storage media Beginning
(MW ¢) Fluid operation
S5P3 Spain 0.5 Liguid Sodium Sodium 1981
EURELIOS Italy 1 Steam Nitrate SaltWater 1981
SUNSHINE Japan 1 Steam Nitrate Salt/Water 1981
Solar One USA 10 Steam OillRock 1982
CESA-1 Spain 1 Steam Nitrate Salt 1982
MSEE/Cat B USA. 1 Nitrate Salt Nitrate Salt 1983
THEMIS France 25 Hitech Salt Hitech Salt 1984
SPP-5 Russia Steam Water/Steam 1986
TSA Spain 1 Air Ceramic 1993
Solar Two USA 10 Nitrate Salt Nitrate Salt 1936
Consolar Israel 0.5™ Pressurized Air Fossil Hybrid 2001
Solgate” « | Span 0.3 Pressurized air Fossil Hybrid 2002
P510" « | Span 10 ~FmSteam Ceramic 2883 Sept 2006
Solar Tres” * | Spain 15 Nitrate Salt Nitrate Salt 20T 2008
* Projects under development. ‘
** Thermal
P20 Span_|_ 20 Gerarmic 2008 |

CERN Acad. Training. Toward Sustainable Energy Systems?
Lecture 1 of 4: Solar thermal Power Plants;

March, 28th 2006
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and well-established

needed

ATS-150

SAIC-170

« Receiver performance and operability have been
demonstrated

. Lifetime and reliability data are needed

« Advanced systems will enhance hybridization,
especially with combined cycle plants

CERN Acad. Training. Toward Sustainable Energy Systems?
Lecture 1 of 4: Solar thermal Power Plants; March, 28th 2006

« Heliostat performance is excellent

« Reducing costs of early builds is

Power Towers:

Status

Solar Two

TSA
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Power Towers:

L Fese) The Future .. Is here

;. ...(PS-20), AZNALCOLLAR-20

« Solar Two and PHOEBUS-type
systems have both been
successfully demonstrated at a
size that could allow direct
scale-up to commercial systems
(>50MW)

Solar Two

CERN Acad. Training. Toward Sustainable Energy Systems?
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Distributed Power:

Dish/Engine Systems

MDAC ('83-'88)
Boeing/SES (‘98-'99)

» A number of dish, receiver, and
engine designs have demonstrated
the high performance needed for
commercial systems ' = M Sep/Ameria

Advanco ('82-'85)

Cummins

SBP/Solo (89-'96)

» Technology Features:
» High efficiency
e Modularity (10-25kW)
» Hybrid capabilities

SAIC/STM

CERN Acad. Training. Toward Sustainable Energy Systems? _
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o Dish/Engine Systems:
Status

« A number of and designs
have demonstrated the high
performance needed for commercial
systems

. Receiver lifetimes still need
improvement

« Dish cost reduction in early production
IS critical

SAIC/STM

Advanced
are demonstrating both high
SBP/Solo efficiency and extended life

CERN Acad. Training. Toward Sustainable Energy Systems? _
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-2l Dish/Engine Systems:
s The Future

SES/Boeing

European and U. S. industry are currently
developing early commercial systems
Engine costs will decrease dramatically as
engine production for co-generation and
automotive markets expands

SAIC/STM

Green market opportunities
continue to develop in the U.S.
and internationally

SBP/Solo

CERN Acad. Training. Toward Sustainable Energy Systems? _
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PV
Central Receiver
Dish/Stirfing
Wind

15CCS

SEGS

Hydro

Nuclear |

Coal (World Price)

CC (Natural Gas)

GT (Diesel) |
GT (Natural Gas) |

0

iy

&

o' k4

20

R e T

Source: International Energy Agency (2000)
http://www.solar paces.or g/economics.html
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Dish Stirling Central Receiver Parabolic Trough
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MW installed annusily

B inataliad eanh veur

16000 _
14000
g Last plant constructed e = é B duction fgwh] I
§ e /J/ WS g o Accumulated sales [MUSD]
g 8000 | _f// ' 800 % ]
ZE‘ BODO _/ : — GO0 E -
3 P :
W o000 | - _ 400 o 7
2000 .r'/‘/ ! | 200 > 11000 GWh i
L i m e mEmEEEEEE, >1400Milion USD Reven

1885 1926 1937 1028 1080 7000 1007 1002 1993 1004 1005 1006 1807 1008 1900 2000 2007

Year

UO.VUU U/.UVU UJ.UVU 11.UVU 10.VUVU 10.VUU 1/7.UVU 1Y.UVU <Z£1.UV
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'm- Starting of commercialization:
<A First STPP grid-connected!!

sEuroDish system in
Seville (Spain).

«Signature of power
purchase contract between
CENTER and ENDESA in
March 2004.

~10 kWe_peak
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SIFPRInItiativesiier Spain

(Upeaiedimiermation as el Ociene: 2004)

,@: Iberdrola

@  Acsism

&

N “3\
- &2

‘ Sener

Abengoa

>500 MW
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Why in Spain? ...
SPECIAL REGIME. - PREMIUM AND MARKET PRICES

e

Premium Deductions

R&D portion
Investment
Subsidies

Directive Directive
96/92/EC on the 2001/77/EC_on
Common Rules the promotion of
for the Internal electricity
Market in produced from
Electricity RES

CERN Acad. Training. Toward Sustainable Energy Systems? _
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Amsq The incentive scheme in Spain

a) Regulated Tariff (Art. 22.1.a):

O Selling electricity to distributor. Selling price is a percentage of ART.
Tariff is unique for all market program periods.

O It is compulsory to supply production predictions.

Payment: % ART + Reactive (between +8% and —4%) + Deviations

Advantages: Disadvantages:
0 Well known Prices Scheme U Higher deviation costs than the market option
(10% ART)

U Less volatile premiums S _
U Less profitability than market option

CERN Acad. Training. Toward Sustainable Energy Systems? _
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Amsq The incentive scheme in Spain

b) Going to the electricity stock market:
O Operating as a market agent and joining the market.

Payment: Pool market price + Power guarantee + Premium + Incentive + Reactive
(between + 8% and —4%) + Deviations

Advantages: Disadvantages:
J Higher profatibility from premium OAdapt to market agent capabilities.
U Less deviation cost (10% Pool price) QHigher risk:

sLower deviation tolerance

*Variations of pool price (hydropower
fluctuations, weather influence, fuel
prices,...)

CERN Acad. Training. Toward Sustainable Energy Systems? _
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R ol The incentive scheme in Spain

Requlated tariff:

v'300 % of ART (First 25 years) — 240% (from 26t
year)

eElectricity stock market:

v Premium: 250 % of ART (First 25 years) — 200%
(from 26" year)

vIncentive: 10% of ART

ART: 7.2072 c€/kWh for 2004

CERN Acad. Training. Toward Sustainable Energy Systems? _
Lecture 1 of 4: Solar thermal Power Plants; March, 28th 2006 Slide 37



Source: SunLab
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- Desserts of North and

South Africa,

- Mediterranean region
. Arabian Peninsula and Near

East,

- Different areas of India,
- Northwest and central part of

Australia,

- High  plains of Andean

Countries,

- North-East of Brazil,
- North of Mexico, and

- Southwest of USA.
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o Potential in Europe+
L North Africa + Middle East

ria exchustan criteria

inchustrial, infrastructural and miltary uze
hydrographic exclusion festure

priofected area

tamdl cover &% exoluzion festura
geomarpholagic sxclugion testure ]

|ERCNN]

Figuve 41 Anpusd Direct Salay Brradipuce I the sothern EU-MENA Beglon, The primary ensrgy oe
cetved by eackh square meter of Lo equats 1 - % baveels of il per veor.
Potential in
Europe
= 2500 TWh
Potential in North
Africa + Middle
East
allmost infinite !
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Senisitivity of Solar LEC on DNI

8

%

Ul I I E.S{h
20 230 20 20

Annual Direct Normal Iradiance ({Whiia)
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K ol The Idea of Med-CSP and EU-MENA

From founding document of TREC (TransMediterranean Renewable Energies Cooperation), 2003:

Key factors for development in the 21st
century are

e energy
e water
e climate stability

e peace

MED-CSP: Strategic partnership between
European Union (EU) and Middle East
(ME) and North Africa (NA):

« MENA has vast (solar) resources as
valuable “export product” for its economic
growth

 EU can provide Technologies and finance
to “activate those potentials” and to cope
with its national and international
responsibility for climate protection

CERN Acad. Training. Toward Sustainable Energy Systems?
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» Solar technology competence build-up
» Solar technology cost reduction

» Large-scale solar energy utilization

Common goals — joint
efforts/projects:

Co-operative actions to open
these gateways for
sustainable prosperity in the
sun-belt
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L el STPP may be used for co-generation of electricity
K ol and process heat.

for example: SUN + SEAWATER = POWER + FRESH WATER

SUN Thermal gegtIr electricity
Colrllcetntraii)ngtsolar S . Integrated reserve capacity,
collectors= steam S10]fz8[sH . power accord. to demand

e assured operation

hot Fossil fuel
steam
steam ! l up to 24 h/d solar

steam power :’ POWER

plant
1 kWh elecricity
= 40 liter H,O

CERN Acad. Training. Toward Sustainable Energy Systems? _
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........

Ao TREC, founding document 2003

Then these regions would be able to

1. produce sufficient energy for the growing power and desalination needs
IN MENA,

produce enough clean power, for Europe to comply with its climate
stabilization obligations,

reduce costs for solar energy to below fossil fuel prices,

terminate their dependence on expiring fossil energy resources,

reduce conflicts for limited fossil resources

preserve fossil fuel reserves for high-value product rather than burning it.

N

o 0 kW

Lesson learned from European integration:
The more national economies are interweaved,

the higher are stability and prosperity of that region -
since economically positive interconnections are made
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Cost Objectives for the STPP

Solar vs. Fossil Energy Costs during Market Introduction
with Varying Return on Investment and Fuel Escalation

70 7 Start: 2006 T 2015 1 2020 2050
| L 11/ [ \

o 60 | possible from today’'s ‘ |||
= perspective
8 50 = Y
A o= scenario
c 40
@ 30
S
— 20
Q
-]
L 10

0

1 10 100 1000 10000 100000 1000000

Installed Capacity in MW and 1000 m3/d

fossil fuel cost:
]
L]

escalation rates from 0.4 to 1.2 %ly

equivalent solar energy cost: ISE‘?A‘\”CE

return on investment from 6 to 12 %ly MED-CSP

CERN Acad. Training. Toward Sustainable Energy Systems? _
Lecture 1 of 4: Solar thermal Power Plants; March, 28th 2006 Slide 44



Electricity Generation All Countries
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Other advenges / implications of the STPP

R ol CO2 mitigation by STPP

SEGS Solar Mode

SEGS 50 MW, 25% hybrid operation

Natural Gas Combined Cycle 50%

Fuel #2 | Steam Cycle 30% '

Hard Coal / Steam Cycle 40%

Hard Coal / Steam Cycle 30%

Current Gas Turbines for Peak Power . . '

0.00 0.50 1.00 1.50 2.00
CO-Emissions [t/MWh]

A 50 MW STPP would avoid:
* The consumption of 35.920 t coall/year
«897.990 t of coal in 25 years of the plant life.
 This would mitigate 89.314 tons of CO, per year
2,23 millions of tons CO, during the plant life.
» Values of NOx mitigation are 291 tons/year and 7.280 tons in 25 years.
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Wi St Other advenges / implications of the STPP
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- ° Emploiment

Emploiment for a 50 MW STPP

450

400 T

350 1

300 1

OBOP
W@ Turbina & Generador
O Solar Field

250 1

200 1

Employees

150 1

100

50 {,

1 2 3 4 5 6 7 8 9 10 11 12
Construction Month

* More than half of equipments and services come from local or national suppliers

e During the about 15 months of construction (STPP of 50 Mwe) the required
manpower is about 400 employees.

« After construction, about one permanent employee is required per each MW
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THANKS FOR YOUR ATTENTION !

Felix M. Tellez
High Solar Concentration Technologies
WWW.psa.es; www.ciemat.es

Felix.tellez@ciemat.es
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