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Solar power sector background: PV is less costly
than CSP

- Photovoltaic
Global weighted average LCOE* for utility-scale projects:

« 89% reduction from 2010 to 2022 (0.445 $/kWh = 0.049 $/kWh)
* Over 1047 GW installed by 2022

- Concentrated Solar Power (CSP)
Weighted average LCOE of CSP plants:
« 69% reduction from 2010 to 2022 (0.38 $/kWh = 0.12 $/kWh)
« Over 6.5 CGW installed by 2022

- Economic curtailments of CSP facilities
- New cost-effective CSP concepts are needed

Source: IRENA, 2022
* Levelised Cost of Electricity

;' . '; Funded by UK participant in Horizon Europe Project ASTERIx-CAESar is This work has received funding from the Swiss State
* the European Union supported by UKRI grant number 10097908 (Bluebox Energy). Secretariat for Education, Research and Innovation (SERI).



https://www.irena.org/Publications/2023/Aug/Renewable-Power-Generation-Costs-in-2022

CSP sector background: Low efficiency

*  Current CSP technology:
« Solar-to-electric efficiency: 14-16% (annual)
« Power block efficiency: 30-40% (steam Rankine)

- State-of-the-art technologies:
 Parabolic trough (thermal oil [HTF] - 390°C max.)
« Central receiver (molten salt [HTF] =2 565°C max.)
« LCOE = 7-11 $c/kWh (depending on site and finance)
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What is the best CSP technology? [1/2]

Is central receiver the best option for efficiency
enhancement and cost reduction? Y%Q
* High concentration = high T,.ceiver (700-1000°C) ;f:
* Suitable for advanced cycles (e.g. combined): — _k 3
« Up to 30% (peak) rben :
+ Up to 22% (annual) e (TET
- Combined cycle proven to be not economical (CAPTure) %@5
- CSP part of the problem today, not a solution = 2
D
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ASTERIX-CAESar objectives are defined by the
current CSP sector’s needs

-  Competitive (electrical) round-trip efficiency RTE>60%, at very
low LCOS of <10-15 c€/kWh - adaptive operation in peak hours!

- Optimal design of power cycle (central receiver):
«  Maximum temperatures: 750-800°C
- Flexible/adaptive operation (quick start-up, shutdown and load variation)

- Propose new operating strategy for CSP:

« Capitalising on efficient energy storage
« Enabling higher shares of renewables in the grid
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The project concept:
CSP-CAES innovative & adaptive power plant [1/2]
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Concept: CSP + D-CAES

Off-peak low-price electricity
used to drive compressor train -
« Airis stored

«  Heat of compression is also stored

Solar energy is stored:
*  High-temperature heat (800°C)
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The project concept:

CSP-CAES innovative & adaptive power plant [2/2]

m AT - Peak-hours:
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-  Compressed air delivered to
expanders

- Very high solar-to-electric
conversion efficiency: 40% peak

- Twice as high efficiency as state-
of-the-art CSP

- Power generation: combined cycle power plant
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ASTERIX-CAESar: Concept and research areas

- Changing Energy

Beyond Net Zero Carbon
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Higher share of VRE in the energy system
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Low-demand/off-peak electricity | I High-demand/peak electricity

CAES with round trip efficiency
up to 65-75% and economical
artificial above-ground storage
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Heat recovery
system

Generator

Desalination through: Reverse Osmosis
(RO) + Air-Water pressure exchanger

(ERD) + Thermal Vapour Compression
(TVC)
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ASTERIx-CAESar: Overview & Consortium

Hybrid (adiabatic + diabatic)
Charge: adiabatic

Intercooled compression
Low-T TES

Discharge: diabatic

Solar heat (high-T TES)
Reheat expansion
Bottoming power system
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Bottoming Cycle: Rankine, ORC

HT-HEX: provide heat
from solar field (D-CAES)

_—

Generator

10

This work has received funding from the Swiss State
Secretariat for Education, Research and Innovation (SERI).




CAES charging: Compression Train
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CAES charging: Compression Train

Compression power Target vs Actual T LT-TES
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CAES charging: Compression Train

Volumetric Exergy - LT-TES Target vs Actual T LT-TES
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Bottoming cycle optimisation -
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Bottoming cycle optimisation

Bottoming system
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Bottoming cycle optimisation - fluid selection

® Peona> 1bar ® Pq<1bar @ Supercritical © Liquid at turbine outlet
Selection of working fluid: %
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Two options for compressed air storage volumes

SOLAR RESOURCE MAP

- Evaluation of different DIRECT NORMAL IRRADIATION
compressed air storage
solutions (aboveground and
underground)

« Artificial vessels for small scale

(cost effective pressure vessels —
e.g. array of connected pipes)

« Conventional underground
caverns in salt formations or

. . . Long-term average of daily/yearly sum == A
adapted closed mines within g il IR IR LI e Wi v e
. Yearlysum: < 365 730 1095 1461 1826 2191 2556 2922 3287 3652 > for CSP-CAES (abandoned mines)
high DNI resource areas (a must
for CSP) - large Scale appllcatlon Information about suitable locations for compressed air underground storage as well as

solar resources has been obtained from references listed under this link.
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https://asterix-caesar.eu/list_of_references/

Modelica library allows for techno-economic

optimisation

Techno-economic optimisation of the
ASTERIx-CAESar concept considers
use-cases worldwide

* 11 use-case locations worldwide

* Integration with desalination

* Integration with process heat

« Open-source public Modelica library

*  Online simulation of use-cases will be
available on project website in the
final phase of the project
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ASTERIXx-CAESar virtual use cases
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The project builds upon past successful
developments
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Info@asterix-caesar.eu
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k www.asterix-caesar.eu

Questions? Let us know!
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