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Power Plant CO, capture integrated with lime-based

direct air capture

Howard J Herzog, Massachusetts Institute of Technology
Team Members: Dharik Mallapragada, Emre Gencer, Edward Graham,
Moataz Sheha, Phillip Cross, Adam Goff, James Custer, lan Cormier

Investigating the cost-effective design and operation of a negative
emission power plant concept that combines flue gas CO, capture with a
lime-based direct air capture (DAC) process in a way that enables power
plant flexibility.



The Concept
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The Team

MIT team: Leading process modeling and design optimization efforts.

Howard J Herzog Dharik Mallapragada Emre Gencer Edward Graham Moataz Sheha
Senior Research Engineer Research Scientist Research Scientist Postdoctoral Associate Postdoctoral Associate
(Project PI)
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Principal Engineer Commercial Lead Chief of Staff Principal Engineer
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Design, analysis and optimization methodology
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Design optimization approach accounts for temporal variability in grid
electricity prices and its impact on plant operations

Representation of grid dynamics in design optimization model
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Extent of recycling of low-CO, streams from membrane + distillation process is a key
design variable, involving OPEX-CAPEX and negative emissions trade-offs

Parameter Full Loading Case with 100% Recycle' Full Loading Case without Recycle?
Net Power (MW) 544 663
Net CO, Emissions (tonne/hr) -473 -141
Relative CAPEX 1.4 1.0
Fresh CaCO, (tonne/hr) 1242 664
Calciner Solids Feed (tonne/hr) 2299 1227
Emissions Intensity (tCO,/MWh) -0.869 -0.229
CO, Recovery 98% 84%
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CO, capture system operates at part loading of power plant due to availability
of non-power carbon source (CaCO,)

Effect of Power Plant Loading and Limestone Feed
on Capture System Power Requirements’
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Project Status

> We have developed the three key modeling components
— Steady state simulation model
— Costing module
— Preliminary design optimization model (using surrogate models)

> Next step: evaluate optimization model for CO,, electricity price scenarios
— Determine the design and dispatch of the system
— Explore NPV outcomes

> Preliminary results indicate that positive NPV designs are achievable, with higher
profitability in higher carbon price scenarios
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Phase 2 Planning

> Build and operate =10k t CO2/y lime DAC air contactor to raise DAC to TRL 7
> Advance the integrated power concept modeling and design

Bench-Scale Lime-Based DAC Carbonation Data from Phase 1
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Phase 2 Planning

> Evaluating the potential of building a small kiln with CCS (50 t CaO/ day) to make the
facility a commercially viable, carbon negative DAC plant.

> To advance the integrated power concept in parallel, we would build on Phase | by:
— Characterizing dynamic operation of individual unit operations
— Incorporating insights into design optimization, improving granularity of cost modeling
— Assessing the region specific market potential for the proposed FLECCS concept

The team will be:

> 8 Rivers (Lead)

> MIT (leading systems analysis)

> EPC (leading FEED and construction)
> Site host

EPCs and 2 sites in Southern US already under consideration
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Summary
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Our process integrates a calcium looping CO,
capture system with a lime based direct air
capture system. The overall process is carbon
negative and requires no power plant
modification.

The dispatchable, flexible power plant addresses
two key challenges for a future power system:
Load balancing and firm capacity.

We achieve high utilization of key CCS equipment
even with low utilization of the power plant.
However, it requires a carbon incentive to be
economical.
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