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Objectives

* Develop an original solar technology able to strengthen European CSP
iIndustry.

* Increase the power block efficiency by 20% with respect to the state-of-the-art
(particles heated at 750°C and more)

 Offer a dispatchable production through the cheap storage of hot particles.
* Demonstrate the technology at prototype-scale.
« |dentify the barriers to large scale deployment of the technology.

« Estimate cost and cost reduction potential.
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The critical components

» The solar receiver
» The heat exchanger
» The particle conveying system (at large scale)

» The thermodynamic cycle
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The solar receiver

- An upward flow of small size fluidized particles is created in tubes
irradiated by concentrated solar energy,
- The particles (~50um) are heated up to 750-800°C and then stored.

30 kW, 1m-long single tube 3MW,, 3m-long solar receiver (40 tubes)
solar test
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The solar receiver

Integration of the solar receiver at Themis solar tower
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The heat exchanger
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The thermodynamic cycle Two options: combined cycle and sCO, cycle

Particles at 819°C =—Jp

from hot tank Ambient air
1276 kgls 425 kgls | 425]kgls Ta25] kg 25°C1.013 bar
Combined INAT 663°C N1 663°C A 20% Fig Hum.
Particles at 609°C 76.6 MW 76.6{MW,, 76.5 MW, +79.2 MW, Air filter
o . - F Y ¥
to “cold” tank < Air intake: 1.003 bar
cycle with a 003ber
dOUbIe GT exhaust air o _— o ) ::va
600°C / 1.043 bar : i .
reheat GT & 373 kg/s 780°C  600°C 780°C  600°C 780°C  407°C
238 bar 2.55ba 5.82 bar 6.11 bar 140bar 14.4 bar
three stages
Ste am HP . Air-cooled
) . Tobme IP/LP Steam Turbine - Foiond
turbine with 1l Txaany  450°C/96 mpar
Cold RH - e
: M Steam
pa rt | Cle N Iet Gross power output: 154.4 MW, 313°C ?&F;SEE)E?TGO bar / 40.8 ka/s —@P_
Net power output:  150.0MW., 23.2 bar © ‘5‘;’9?0‘3?:”2‘ . l¢ |
at 8 19 OC Feedwater pumps: 1,59 MW, | ¢°°° 5 s *@5 ar Feec!water
Air-cooled cond. fans: 1.28 MW, Kg"; . gg_g E B
~ o) Transformer losses: 0,74 MW, |7 ot RH steam A kg/s [
n C 49 /O Miscellaneous losses: 0.78 MW, i;%}%goooar %
HP drum IP drum LP drum x
Next-CSP 150MWe 169 bar/352°C 227 bar/219°C 3.00 bar/ 134°C g
Plant - PFD of the
Power Cycle at Heat Recovery Steam Generator
Full Load Source: EDF
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Overall system simulation
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The prototype development
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The prototype development Component manufacturing
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The prototype development Components delivery and assembly
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The prototype development The gas turbine integration
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The prototype development Commissioning

Hopefully next November
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Scaling up for a 150 MWe peaker production during high consumption

plant (peak load) / cost hours (evening and early night)
4
Plant load
- 150 MW, 48,6% cycle efficiency
: 28 000 tons
: particles
E 40% cycle efficiency 150€/ton
i Capacity
| factor ~20%
40 min | 4 hours 20 min

Compound day efficiency = 47,25% - Daily heat input ~1,6 GW,; Time
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Scaling up for a peaker plant

Main issue: limited length of the
receiver tubes - an array of tower
modules ¥~ 50MW,, each

- Particle conveying technology

H/L = k
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Scaling up for a peaker plant
g up P P Particle conveying technology

Vertical: bucket elevators

® Number of elevators in parallel (mass flow) and in series (tower height) still
to be defined according to chosen manufacturer

Horizontal: drag conveyors instead of apron conveyors

= Approx. 4 km of single mass flow (~220 kg/s) drag conveyors.
thermal losses ~5%
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Scaling up for a peaker plant
g up P P LCOE calculation, in progress

Location Ouarzazate, Morocco

For a peaker plant (~20% capacity factor) with combined cycle
First estimate ~ 13-14 c€/kWh

For a base load plant (~70% capacity factor) with sCO, cycle
First estimate ~ 5 c€/kWh
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