Next-CSP Concept with Particle Receiver
Applied to a 150 MWt Solar Tower
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1. Context — Dispatch strategy of the plant

The Next-CSP project aims at developing a pilotest&? MW Solar Tower that uses solid particles as both
heat transfer fluid and storage medium. The pr@ksc paves the way towards commercial developnaoénts
this technology by studying its scale-up to indatsize. This paper describes the preliminarygtesif a
typical 150 MW plant to be built around 2030. Regarding its pogyate, we selected a solar-only,
externally-heated gas turbine in combined cycldigaration (the gas turbine of the Next-CSP piltatrp
works in open cycle with an additional firing).

CSP plants operate in highly irradiated areasfét steep variability of the net demand, includiigh
power generation (sometimes over-generation) dudagime. Consequently, only peaker or mid-peaker
CSP plants make sense, and even more so in the fltherefore, the dispatch strategy chosen foptaunt
consists of 5 full load equivalent hours of poweneration during the evening, which corresponds to
thermal power output of the solar island of 320 MW

2. Main design features of the plant

2.1. Solar island and storage system

The direct normal irradiation, latitude and tempera of the reference site correspond to Ouarzazate
(Morocco). See level barometric pressure is consitlel he nominal thermal power of the receiver
technology developed in Next-CSP (Upward Bubblihgdized Bed) is currently limited to about 55 MW
per receiver due to technological constraints tontaen good solid-gas hydrodynamics along the telght
of the receiver tubes [1]. Besides, a cavity regreis mandatory in order to mitigate the radiatisarmal
losses. We chose to install a sole multi-tube vecgier tower. Consequently, the plant featuresosisers.
Their height — 126 m — is the result of a tradebetfiween optical efficiency and constraints regaydhe
vertical particle uplift. The hot particles arerst at about 815°C, the cold ones at 600°C. Sheglant
does not generate power during daytime, the thestoshge corresponds to a full day of solar cabtect
hence implying a storage of approx. 30 000 torsagticles. In order to limit the conveying distasce
various configurations of the conveying network@&eompared. The chosen layout is shown in Fig. 1
below. Each black dot is a tower, connected byragk@conveyor to the storage and power block tedan
the center.
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Fig. 1: Layout of the six tower solar island.



2.2. Horizontal and vertical conveying of the pariiles

To convey the particles between the storage houetshe towers, apron conveyors were chosen becaus
of their continuous operation, their limited powensumption, and their moderate heat losses thatea
mitigated. In order to lift the particles to theeevers, bucket elevators were chosen becauseiofinasi-
continuous operation. Inclined apron conveyorstlimé required final vertical lift of the buckeeghtors.
Rather than being vertically discharged from theeieer to ground level, the hot particles exitihg t
receivers slide downwards in successive inclinbdating chutes, thereby avoiding attrition and ting the
length of the apron conveyors.

The auxiliary consumption of the whole conveyingwerk takes place during daytime: it can be supiphig
a cheap photovoltaic farm equipped with a limitegant of batteries. On the other hand, a firshese
showed that its thermal losses can be carefulligatéd to be kept below 5%.

2.3. Power cycle

Because of its low Turbine Inlet Temperature (~T30the gas turbine requires a double reheat latyput
ensure a net combined cycle efficiency of 48.6% 2] significant hurdle exists to build such a ldspgas
turbine, other than convincing a manufacturer tatdbhe particle-to-air heat exchangers must fiutifio
antagonist criteria: low pressure drop and low terafure difference. This results inevitably in hudind
expensive heat exchangers [3]. However, prelimicafgulations showed that a set of exchangers of
reasonable size and cost can be devised.

3. Conclusion — Key takeaways
The main conclusions of this study are as follows:

* A scaled-up solar tower based on the Upward Bugl#tinidized Bed concept developed in Next-CSP is
feasible, but only with a multi-tower configuratithmat requires several kilometers of particle comg;

* In order to allow the plant to be significantly mafficient than a molten salt tower, specific iatiten
must be paid to mitigate the thermal losses ottme/eying network;

» The design of the utility-scale receiver has rase¢kral challenges such as achieving a satisfactor

compromise between low spillage, low thermal losseswell-controlled flux map while limiting partec

attrition or agglomeration. However, these risks ba mitigated through proper R&D and engineering
practices.

* If very cheap particles with appropriate heat cégaove applicable for this specific set-up, thvegquld
allow for a much bigger storage than commonly pradtwith molten salt towers, which could providéra
value to the power generation and stability toelleetrical grid.

Acknowledgement

Next-CSP is a project that has received fundingnftbe European Union's Horizon 2020 research and
innovation program under grant agreement No. 727762

References

[1] HL. Zhang et al. High-Efficiency Solar Powerwers Using Particle Suspensions as Heat Carridren
Receiver and in the Thermal Energy Storage, Renleviaiergy, Elsevier (2017).
http://dx.doi.org/10.1016/j.renene.2017.03.101

[2] B. Valentin, F. Siros, J.F. Brau. Optimizatioha Decoupled Combined Cycle Gas Turbine Integrate
a Particle Receiver Solar Power Plant, 2018 Sota$*&onference, AIP Conference Proceedings. 2126.
140007 (2019)attps://doi.org/10.1063/1.5117655

[3] S. Li, W. Kong, H. Zhang, F. Sabatier, R. Aris&. Flamant, J. Baeyens. The fluidized bed aat he
exchanger in a hybrid Brayton-cycle solar powemplaAlP Conference Proceedings. 2126. 140002
(2019).https://doi.org/10.1063/1.5117650




