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ESTELA and PROTERMOSOLAR are respectively the
ESTELA|Eropean and Spanish Solar Thermal Electricity Associations

Protermosolar, founded in 2004, has now 100 associated members and
covers the whole value chain of the Solar Thermal Electric projects, from
research centers to plant constructors along with engineering companies,
component manufacturers, promoters, etc.

ESTELA, founded in 2007, has now 65 associated members and covers as
well the whole value chain of the Solar Thermal Electric projects.

In addition to the European full members, ESTELA has also associated
members from the Union for the Mediterranean countries.

. All the operating plants in Spain as well as those others which are under
construction or in an advanced planning stage in Spain(more than 2500
MW in total) belong to Protermosolar members. The largest operating plants
in USA (SEGS, Nevada Solar 1 & Martin) as well as the ISCC in Morocco,
Algeria and Egypt and most of the on going projects around the world
have the participation of ESTELA and Protermosolar members.

4. STELA The world STE association federation has been recently
constituted by SASTELA, AUSTELA and ESTELA

VA7 WORLD
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* The dawn, the darkness S LAR
esteta ONd the renaissance of the STE

Take-Off
18,000 - ey Oman
17,000 - g - Korea
16,000 . ma Portugal
15,000 : Morocco
14,000 - E B Croatia
13,000 - L
12,000 - Technology | ®Mexico
11.000 - Deployment | = Brasil
; o it | B Greece
= 10,000 ! & iran
= 9,000 | —_ ®South Africa
8,000 - The long i - = faly
7.000 and dark | B s
6.000 - soIor’rhermoI | B Chile
5000 - electric | = Algenia
4000 night | Wisrael
3,000 Market | Dubai
2,000 - First Generation : E _ffj_g_m_mf_: g
e 4 Bindia
0 F—————— e wem RN __;_._-_._ _-_.I__-__._ Lo s ®China
Spain
,\@{3 ..\??’b @ ,.55"% ,\@q .{S’P ..99\ ﬂ ep(’% S '13"9 '\N {b q‘;){b @.\m M United States
Source of the estimated figures : “Global CSP Markets and Strategies: 2010-2025,” IHS Emerging Energy Research, April 2010
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v' Continuous support fo R&D
& Educational programs

v Favorable and effective
regulatory environment
(in spite of recent events)

v Capacity and commitment
of our industrial companies

PROTERMO

S LAR

2 e

Almeria Solar Platform (PSA) 1978-2011
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on the STE future

1 Could the aggressive cost reduction curve of PV jeopardize STE
deployment?
The cost of crystalline PV modules seems approaching the asymptotic part of the

reduction curve. Total PV system costs will not go too much further down. STE is
at the beginning of the cost reduction curve and large reductions are expected

Both PV and STE will play a complementary role
| in the future (distributed and peak power for PV
| and centralized and full range of power
generation for STE)

(J Could the economical crisis stops support to R.E.s and to STE in

particular?

R.E.s in general and specially STE are proven catalysts of economic development.
They provide strong GNP increases and they reduce fuel imports and vulnerability
of the country’s economies

In addition increased pressure for further GHG emission reductions from the
electrical generation park will make essential the role of STE
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1.

The reasons for a STE future

STE is the only dispatch-able renewable technology with
potential enough to meet the electricity needs worldwide and to
achieve a carbon free generation system

Intermittent RE technologies -which has been
largely developed until now- could cover only
a part of the supply as they will always require
back up from conventional fossil plants. ‘
New batteries development could change this statement

Local content of STE plants will be one of the main drivers behind
the support policies in many countries of the sun belt.

The cost of STE plants will show important reductions when
approaching from the current 2 GW installed to the similar values
of Wind (250 GW) and PV (80 GW)
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CONTROL ROOM

| PARABOLIC TROUGH COLLECTORS |
- Autonomaous drive units and local controls (wireless)

R

. &
| v -

/’4/’4
4 IR
A /Y Sl
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o
NEW CONVERSION CYCLES AND SYSTEMS RECEIVER
- Air as primary coolant

- Combined cycles and supercritical steam cycles

- Hybridisation with biomass

- Secondary concentrators

- Advanced high temperature receivers (direct absorption)
- New enginered materials (ceramic tubes)

COLLECTORS

- Scale up effect
- Better collector design and mar
- Better solar field control

CENTRAL RECEIVERS ]

S5 LINEAR FRESNEL REFLECTORS
HEAT TRANSFER FLUID -
- Molten salt for supercritical steam cycle
- Air and CO2 as primary fluids
- Direct superheated steam
- Particle receiver systems

CONTROL AND DESIGN

- Better tracking options

- Hybridisation of tower and
Fresnel technologies

Dish-Stirling has advantages in terms
of efficiency, modularity and no water -
requirements, but dispatchability R it et st A

ISSUGS and Ilmlted tI'aCk record make ’;‘droense;uflzgz%ncl)g or air in non evacuated receivers
difficult the financing of large plants

RECENERS
- Evacuated tubular receivers
- New generation of non-evacuated tubular reeeivers

- Second stage concentration
- Thin films on curved support surfaces

MIRRORS
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PROTERMO
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ANDASOL 1, 2 & 3, Granada

ESTELA 3 x50 MW, 7 h St.
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GEMASOLAR

19 MW, 15 h St.
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Some recent data on production in Spain

|mpor.|-on-|- mlles-l-ones SPAIN: July the 11th, 2012
in July 2012:

v' Max. contribution 4,1%
(July the 11" at 17:00)

v'"Max. daily confribution 3,2%
(July the 15™M)

0

/ MonThly prOdUCTion 2,3% 012 3 456 7 8 91011121314151617181920212223
(524 GWh in July) ===Global Demand MWh (left) ===STE Production MWh (right)

1500 MWh Solar Thermal Electricity production in Spain. July 2012

0

L7801 738178V 7BL7BLTBBL7BBL7BBLTBVBLIIBYVLIIBPLTBHLITBHIIBPLTIBBLTIBHIIBBLITBOITBOLTBOITEBOLITEOLTBOLITBLTBOLTBOLTBOLI 7B 7391731

Source REE
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peloitte

Download:
Www.protermosolar.com
Available in Spanish and English

Incentive policy
for this fechnology

was an efficient economic

decision for Spain

+ Avoids unemployment subsidies
+ Leadership of the Spanish industry

Savings in CO,
rights

Premiums

+ Reduction of electricity pool price
+ Regional economical convergence
+ Local taxes

Savings from replacing
iImported fossil fuels

—

Fiscal contribution (S.S.
Corporate and personal
Taxes

Contribution
to GDP

 —
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PROTERMO

The experience of CSP in Spain: > SR LAR
ESTELA| A syccess story with important drawlbacks

© Quick deployment: 500 MW/year in the last 3 years
© Relevant macroeconomic Impact

© Plant references with proven performances

Inappropriate and unstable regulatory framework
Too much quite similar projects

Reduced learning curve effect

TODAY:
= Moratorium (Jan —2012)
= New Law (still in the Parliament). It includes new taxes

and retroactive restrictions on the use of gas
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ESTELA|IForecast in European countries by 2020 (NREAP's

France
540 MW

Spain
Portugal ¢5079 MW Greece
500 MW 250 MW

Cyprus /5" MW

+ NER 300 Program
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http://upload.wikimedia.org/wikipedia/commons/9/94/BlankMap-Europe-v5.png

Current STE projects
estera I[N Ofher European countries

Q ITALY

5 MW pilot plant in Sicily
ISCC using molten salt as
working fluid in the solar field.

The new law will push STE plants
In the near future

O FRANCE
Recently approved a 12 MW -Fresnel type with storage- in
Corsica and another one of 9 MW near the Pyrenees

0 Good chances for GREECE and CYPRUS regarding NER
300 program
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EU RES Directive Opportunities

Member States 2020 Objectives
d Articles 6, 7 & 8 of the RES Directive
(Flexibility mechanisms)

Spain is prepared to help
other M.S. with joint STE Plants

d Arficle 9 refers to the importation
from third countries (MENA / MSP)

Grid interconnections are essential in both cases
v Not only connecting Africa with Europe but inside Europe as well
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The essential role of the Off Taker S

.‘ Plant n

African | Afrlcan ,
TSO 1 TSO n

PROTERMO

LAR

U The off taker will be constitute by the
national RE Agencies in European and
African countries

O Agreements with EIB and Development
Banks will be considered

Operating procedure

v’ Identify needs of supply and/or certificates
in European countries

v’ Activate the fulfillment of all administrative
requirements

v’ Reach price agreements with the country
systems and/or distribution companies

v’ Establish the necessary agreements with
European TSOs on transport and certification

v’ Reach promotional agreements with
African countries

v'Establish the necessary agreements with
European TSOs on transport and certification

v’ Tender the plants on PPA basis
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¥} The IEA forecast S:e-LAR

ESTELA

CONCENTRATING SOLAR POWER ROADMAP 4 International
= . i : e o Energy Agency
, 1€8d
4 £ Decreasing cost and increasing production —
g - 9P
__ USD/MWh TWh/year _ G5
EU + Turkey I 350 J
4 500
Pacitic IR 300
China @ 4 000
South America 1l 3 500
Central Asia @ 3 000
Middle East 2 500
India 2 000
Africa Il 1 500
North America N 1 000
DNI 2000 (USD/MWH) e 500
DNI 2600 (USD/MWh) - 0

2010 2020 2030 2040 2050
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USA

v 392 MW (3)

v 110 MW (1)
TEL
ESTELR v 2x 280 MW

v 250 MW (1) :
O En promocion avanzada (900! China
v 4 x 50 MW

MEXICO v 1 x 90 MW
v'15 MWequiv. ISCC en Agua Pri 1 1000 MW en promocion

o0 MW = g g
E ~rogramas en muchos paises (> 2000 MW) 2
@ \ O Anuncio Arabia Saudita (900 MW + 25 GW) I
" AUSTraia Y 100

v 9 MWi de anoy ¥ 1 X 50 MW

Chile

v'10 MW t (Mineria)
O Varios cientos de MW en promocién

g
‘i | |
o l llll

]I Americ South Alrica

nibia y Bostwana

Operation

B Consfruction/ Awarded

. Heam ofion
(R R R LW ) L
INEN

B tstimated by 2050 Source: ESTELA and Protermosolar, Oclober 20172
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PROTERMO
B The way to competitiveness: S:e-LAR
esteLa INCreasing efficiency and reducing Ccosts

d System level:

- Increasing efficiency (New concepts, new cycles, new fluids, ...)
- Reducing cost (Storage concepts, hybridization, larger plants, ...)

d Component level:

- Increasing performances, extending the limits.

- Reducing manufacturing cost (hew materials & processes, larger
component sizes, ...)

- Reducing degradation

- Scale factor

O Operation:

- Improving forecast and control to improve performance
- Improving start-up and shutdown procedures
- Reducing O & M costs
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Cost is the main issue

Data on current projects are not homogeneous at all

Q Spain: The FT 30 c€/kWh for projects under construction corresponds to low
DNI, low size, 2007 designs and component acquisition commitments in 2009

O USA: PPAs in the range of 13 ¢$/kWh and they benefit from grants and soft
guaranteed loans. They are large projects located at very high DNI values

Q India: FiT in the range of 23-27 ¢S/kWh. Projects are medium size at low DNI
locations. Indian developers have particular strategic position

O Morocco: estimated PPA of 14 c€/kWh corresponds to a large project at a
medium DNI location with a high percentage of concessional loans

And so on in South Africa, Australia, Arab Emirates, ... (China?)

In addition PPA duration, escalation with inflation, financial conditions,
specific country requirements, etc. differ from one project to another
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) . PROTERMO
The “"harmonization’” model S:eLAR

“Discount” factors

Plant size

PPA or FiT duration

Actual PPA for a
given project at a
certain location

PPA escalation
rate

Grants -

Concessional
loans

Harmonized PPA for
a typical project at

the same location
without public
support

under specific
support
circumstances

Specific Financial
conditions

DISCLAIMER: This attempt to provide reference prices must be considered
approximated. There are many default values that might be not applicable
to all projects as well as some country specific requirements.
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Cost reduction estimations: S
The view from the Industry in 2012

PPA (c€/kWh)

PROTERMO

LAR

Required value of a 25 years PPA for a 150 MW, 4 hours storage, STE plant
without any public financial aids and no escalation

30
28
*
26
24 i = "
Starscorrespondsto “normalized
22 PPAs or FiTs in 2012 at their respective
locationsin Spain, USA, India, Morocco
- and South Africa
18
esm—DN| 2100
16 e DNI 2600
14
12
o Provided 30 GW are
built at that time
8
5 L
2008 2010 2012 2014 2016 2018 2020 2022

Year
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We will make it
but we need to hurry up!
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ESTELA

Thank you for your attention!

lcr@estelasolar.eu

~ Www.profermosolar.com--
- www.estelasolar.eu
www.stelaworld.org
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