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Premises and Objectives
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Choice influenced by

Technical constraints

Performances

Costs

Layout complexity

Objectives: optimize and compare the most promising 
CSP-CaL integrations

Wide variety of alternatives for CSP-CaL integration

• Direct integration → Open/closed CO2 Brayton cycles

• Indirect integration → ORC, Rankine, Brayton, Stirling cycles



Case study
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Direct integration

Indirect integration

Brayton CO2

Rankine

Brayton sCO2

Brayton He

Assumptions

• Size = 2 Mwe

• Discharging time = 24h

• CaO deactivation = 0.5

• Try to avoid heat transfer 
between solids and solid 
stream split



Methodology
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Required characteristics:

• Optimized heat transfer processes

• Investigation on layout synthesis

• Optimized operating conditions

• No external resources consumption

HEATSEP method

HEATSEP allows the comprehensive optimization of synthesis, 
design and operation for nearly any kind of process integration 
and has a high level of personalization



Methodology
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Calciner size

CaCO3 split ratio

PB + CarbS operationPB + CarbS layout

CaO flowrate



Methodology: Power block layout
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Fixed component

Removable component

Rankine

Brayton sCO2

Brayton He



Methodology: Calcium-Looping
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Direct integration

Indirect integration

Calciner side

Heliostats-
Calciner sizing



Methodology: Objective functions
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Energy analysis

𝜂 =
𝐸𝑒𝑙
𝐸𝑠𝑢𝑛

=
𝑃𝑒𝑙 ⋅ 24h

24ℎ𝜑𝑠𝑢𝑛׬ 𝑡 ⋅ 𝐴ℎ𝑒𝑙𝑖𝑜 ⋅ 𝑑𝑡

Economic analysis

𝑖𝑐 =
σ 𝐼𝐶

𝐸𝑒𝑙

Components’ cost included for:
• Turbomachinery
• HENs
• Chemical reactors
• CO2 storage
• Solar tower
• Heliostat field



Results: Multi-objective optimizations
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Results: H2O - Indirect
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Results: sCO2 - Indirect
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Results: CO2 - Direct
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Results: He - Indirect

SOCRATCES webinar on solar energy storage
10 June 2021



Conclusions
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Adiabatic carbonator                          Direct integration (Brayton CO2)

Non-adiabatic carbonator                            Indirect integration (Brayton He)

Higher power 
block efficiency

Lower charging 
side costs 

Much higher power 
block costs

Power block fed on 
carbonator wall

Higher discharging 
performances

Much higher 
reactor costs
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