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The Thermodynamic The Thermodynamic 
Solar ProjectSolar Project
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ENEAENEA ProgrammeProgramme Main Strategic ChoicesMain Strategic Choices

Since 2001, a vigorous ENEA programme has been 
launched on two main subjects. Both activities are suitably 
funded and organised as large projects:

Actually 75 researchers are involved in the program, the 
budget until now has been 17 Ml €. 

1. Medium temperature (about 550°C) heat collection and 
storage, primarily intended for electricity production.

2. High temperature (greater than 850°C) heat collection for 
direct hydrogen production.



South Africa – Italy, R&D Collaborations Day 22 June  2006     #3

TheThe parabolicparabolic troughtrough technologytechnology
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The innovations in The innovations in troughtrough technology introduced by ENEAtechnology introduced by ENEA

Cold fluid

Hot fluid

Power block

Steam
generator

290°C

550°C
Storage
tanks

Solar collector

Receiving
tube

Heat storage

Heat transfer fluid

ENEA design introduces relevant improvements to the current technology
• The introduction of an adequate energy storage
• The use of an alternative transfer fluid
• A new solar collector design
• An innovative receiving tube design
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The thermal storageThe thermal storage

•• Any mature energy producing Any mature energy producing 
technology must be available technology must be available 
according to demand.according to demand.

•• In the ENEA system In the ENEA system twotwo thermalthermal tankstanks
areare includedincluded toto completelycompletely separateseparate
thethe heatheat collectioncollection phasephase fromfrom thethe
heatheat usageusage phasephase..

•• Thermal storage process is very Thermal storage process is very 
efficient (less than 1% loss per day).efficient (less than 1% loss per day).

•• WithWith moltenmolten saltsalt mixturemixture betweenbetween 290290
and 550 and 550 °°C, 5 mC, 5 m33//MWhMWh areare requiredrequired

Discontinuity Compensation 
Short term clouds Yes 
Night time Yes 
Bad days Partially 
Seasonal variations No
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Mineral oil at medium operating Mineral oil at medium operating 
temperaturetemperature
(up to 390(up to 390°°C).C).
High costs, high environmental impactHigh costs, high environmental impact
and easily flammable.and easily flammable.
Not good as thermal storage media.Not good as thermal storage media.

The heat transfer fluidThe heat transfer fluid

Molten salt mixture (KNOMolten salt mixture (KNO33 -- NaNONaNO33) at ) at 
high operating temperature (290 high operating temperature (290 --550550°°C).C).
Low costs and environmental friendly Low costs and environmental friendly 
(used in agriculture as fertilizer). (used in agriculture as fertilizer). 
Very good as thermal storage media.Very good as thermal storage media.

Current technology:Current technology:

ENEA choice:ENEA choice:
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SupportingSupporting structurestructure designdesign conceptsconcepts

Main beam: single tube
Supporting arms: precise parabolic shape
Simple on field regulation
Design suitable for COR-TEN steel
(no hot deep galvanization required)
Limited number of assembling parts
(Manufacture  and installation reduced costs)
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ReflectingReflecting panelspanels

Composite material panels
Large size (an half parabola 
each)
Easy to assemble
Excellent mechanical properties
Very good optical performances
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ReflectingReflecting panelspanels:: honeycombhoneycomb sandwichsandwich
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black body
     580 °C

Coating C

Coating D

    Ideal coating
cut-off at 1.74 m

The ENEA The ENEA receivingreceiving tubetube

SiO2 70nm

CERMET2 Mo(20%)-SiO2(80%) 75nm

CERMET1 Mo(50%)-SiO2(50%) 75nm

Mo 100nm
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The road toward the ENEA industrial plant The road toward the ENEA industrial plant 

Crogioli in acciaio 
AISI 304

campione 
originale

test a 290 °C test a 550 °C test a 590 °Ccampione 
originale

test a 290 °C test a 550 °C test a 590 °C

Full scale
test loop

Industrial prototype

R&D qualification programme
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PCS:PCS: Solar Collector Assembly Test LoopSolar Collector Assembly Test Loop
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PCS:PCS: Solar Collector Assembly Test LoopSolar Collector Assembly Test Loop

Main objectivesMain objectives

• Test the optical and thermal efficiency of the new solar collector 
assembly developed in ENEA

• Analyze the behavior of the process components (pump, valves, 
piping…) with molten salt as heat transfer fluid

• Verify the instrumentation, control system and operating 
procedures (molten salt management)

All the tests are performed with the same operating parameters (flow, 
temperature) of the power plant.
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TheThe ““ArchimedeArchimede”” projectproject

1350

1750
kWh/m2

The plant will be located nearby Siracusa, one of  the 
most insolated Sicilians areas: 1725 kWh/m2 year

A  traditional oil electric generation plant was
here recently converted in a modern combined
cycle plant

Nominal electric power 760 MWe
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““ArchimedeArchimede”” project: the solar fieldproject: the solar field

318 solar collectors
100 meters long
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““ArchimedeArchimede”” project: photographic reconstructionproject: photographic reconstruction
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TheThe ““ArchimedeArchimede”” project: the project: the systemssystems integrationintegration

Combined cycle Solar system
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““ArchimedeArchimede”” projectproject mainmain parametersparameters

Collectors orientation NS 
Number of collectors    318 
Thermal energy collected  GWh/y 156.5 
Storage capacity MWh   500 
Thermal energy stored  GWh/y 149.9 
Nominal electric power  MWe     28.1 
Gross plant efficiency %     43.6 
Delivered electric energy  GWh/y   55.9 
Primary energy savings TEP 11,835
CO2 emission avoided ton/y 36,306 



South Africa – Italy, R&D Collaborations Day 22 June  2006     #19

Hydrogen: a great opportunity for the futureHydrogen: a great opportunity for the future

La società
dell’idrogeno

Hydrogen is not 
an energy source 
but “just” an 
excellent energy
vector.
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HydrogenHydrogen productionproduction methodsmethods
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HydrogenHydrogen productionproduction usingusing solarsolar heatheat

Thermoelectric
production + 
Electrolysis

h=25-30%

H2O H2

Thermochemical
processes

h=50%
T=700-2000°C

H2O H2

Thermolysis
T=2500-5000°CH2O H2
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HydrogenHydrogen productionproduction usingusing solarsolar heatheat

A number of interesting processes have been reported in 
the literature and are under a deep investigation by ENEA:

UT-3 Process(760 °C)
Sulphur-Iodine GA(850 °C)
Metal oxides (1000 °C)
Zinc-oxidation(2000 °C)
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SulphurSulphur--IodineIodine processprocess
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ConclusionConclusion

Solar energy has to play an important role in the future energy supply 
scenario particularly for the countries in the “sun belt”
ENEA has launched a vigorous research, development and demonstration 
program on concentrating solar energy in order to prepare the basis for 
solar energy massive utilization
The operation of the real scale test circuit is demonstrating the 
achievement of the main targets of the project
The “Archimede” project will hopefully start the realization of a number of 
solar systems using the ENEA technology
Solar Hydrogen production is really promising and the reasearch activity 
curried on in ENEA is creating the basis for the design and realization of 
the first pilot plant


