A s I PACES October 8-11, 2024
NET ZERO U Teesside o ar Rome, Italy |

INDUSTRY Verei >
University / Concentrating Solar Power, Thermal,

INNOVATION
CENTRE and Chemical Energy Systems 30™ SolarPACES Conference

Optimizing CO2-mixture based power cycles for
CSP applications: A multi-objective approach

Balkan Mutlu, Kumar Patchigolla, Dhinesh Thanganadar

nziic.co.uk e DESOLINATION =5 Y Ohtiey




2 of 16

DESOLINATION Concept

2 * 13 Universities

« 3 Research centre

« 2 Large Industrial Partners

« 4 SME

Duration: 64 months

Start Date: 01 Jun 2021
Estimated Project Cost: €13.8 mil

- T
- ~
7’ N
tCJ2 —mix power plant N\ Water storage Nanofiltration ~ Desalination plant
I Turbine nerator Compressor \ i
generato (only for recompressed cycle) Coalescer
Direct two tanks . I ----------- M ‘ |r Cooled unt
Thermal Energy @
Storage (TES) G
Primary Vv VAV Q? [ VWV (B)
et y FAAAA v
@ EENEr DI FO membrane
‘_
\ pump y
O R © AMA Y ’\N\/—<—©<¥ ®— @ —®
High temperature  Low temperature glcusen recuperator
N\ recuperator recuperator

-_—" gy =

N ET ZE RO i Horizon 2020 European Union
INDUSTRY U (veraity rmorons [ DESOLINATION
CENTRE




Research Gap

T, ..=550/700°C T, =50°C

Generation 15 gen. 2" gen.
@ @
Receiver outlet temp. ~250-450C ~500 - 565°C ~720C  Expected to b
= C A
PTC, SPT, LFR PTC, SPT, LFR PDC
Typical plant or .- B 500-565C
technology 7@y = BS99

Heat transfer medium

Thermal energy storage

Power cycle
Peak temp. of cycle

Design cycle eff.

Annual solar-electric eff.

Khan et al. 2022. Progress in technology advancements for next generation concentrated solar power using solid particle receivers
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Dopants and properties
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Cycle Layouts
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Simultanous Optimisation Strategy S

Fluid Dopant an d CO2-mixture Power Block Design Parameters
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Proposed simultaneous Multi-objective Global Optimization with MATLAB
- R

Thermal efficiency vs AT across PHEX - Multi-criteria decision-making
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Boundary Conditions and Bounds
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Constraints for termination -

P-T Diagram for Composition 0.82 and Dopant 1
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Constraints for termination ..

P-T Diagram for Composition 0.87 and Dopant 4
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Genetic Optimization Results 10 0f 16
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Temperature difference, °

Genetic Optimization Results

700 °C
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Multi-criteria Decision Making (MCDM) ...
550 °C
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Temperature difference, °

Multi-creteria Decision Making (MCDM)

700 °C
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Selected solutions and improvements Lo

Blend CyC|ES Trax Dopant Molar CO, Py, (bar) PR  Split Ratig__ AT w (
Simple 550°C SO, 82.0% 79.3 - - I 38.0% 2319 106.9 522.2

Recuperated 700°C SO, 85.0% 71.3 - - 449% 2414 131.1 581.4
) 550°C SO, 77.6% 59.9 1.45 - 40.4% 231.0 1114 624.6
Precompression A 9 0 0
700°C SO, 71.9% 63.0 1.39 - 46.6% 259.6 139.9 670.9 2% 539, Yy 6%
Recompression 550°C SO, 67.4% 66.7 - 39.7%  44.2% 197.4 102.0 613.0 . 350 A o YT
700°C SO, 66.7% 66.2 - 29.6% | 48.3% 248.2 138.0 646.0 2% 24% 22% -6%
3% 14% 8% 7%
12% 23% 28% -10%
sCO2 cycles T,.,  Dopant Molar CO, Py, (bar) PR Split Ratio__ Nn AT w (ki/kg) capex ($/kWe) 4%  36% 4%  -13%
Simple 550°C SO, 100.0% 74.0 - - 36.6% 188.5 86.2 624.7
Recuperated 700°C SO, 100.0% 64.1 - - 43.4% 2234 122.4 672.9
) 550°C SO, 100.0% 72.1 1.26 - 39.6% 185.6 91.6 663.3
Precompression
700°C SO, 100.0% 55.1 1.22 - 45.2% 227.0 129.2 721.4
) 550°C SO, 100.0% 93.0 - 20.0% 39.3% 161.0 80.0 679.0
Recompression
700°C SO, 100.0% 93.0 - 13.2% 46.5% 183.0 132.2 740.0
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Conclusions 15 of 16

« Alist of dopants (5) can be explored for technoeconomic performance for predefined layouts,t/c (3)
« Automated optimisation per layout with realistic conditions

« Multi-creteria Decision Making (MCDM) for two competing objectives, TES/HTF agnostic

+ CO,-SO, mixture dominating all temperature levels and cycle layouts

« ~20% decrease in PB CAPEX & TES costs for same or more efficiency

Shortcomings:
« Material compatibility and operational challanges
« Uncertainities in cost estimations for power block components
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1 Teesside University, Net Zero Industry Innovation Centre, Middlesbrough, UK

2 UK Atomic Energy Authority, Culham, UK
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