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The Commercialization Puzzle

Economic Capture Secure Storage
*Advanced processes «Site characterization
*New chemistry *Monitoring tools
*Economies of scale *Injection simulation

Commercial
CCUS

Scenario Planning Outreach/Education
*Systems analysis *Internal stakeholders
*CO, use *Regulators
*Regional infrastructure *Researchers

*NGOs
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Four Steps

» CCSis afour-step process
» CO, captured or concentrated
» Compressed to ~100-150 atm (~1500-2250 psi)
* Transported to injection site

* Injected deep underground into geological formations and
sequestered safely for thousands of years

Capture or : Pipeline Underground
Concentration @ Curngrazzior E> Transport E> Injection
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Phase Changes in Carbon Dioxide
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Basics of Carbon Capture

+ J Categories
1) Post-Combustion
Solvent, Solid Sorbent, Membrane, Cryogenic

2) Pre-Combustion
Integrated Gasification Combined Cycle

3) Oxy-Combustion

Alabama Power Plant Miller Alabama Power Plant Barry

Solid Sorbent Process Solvent Process
1 MW = 20 tonnes / day 25 MW =500
tonnes / day
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1 MW ADA-ES Pilot at
Alabama Power Plant Miller



1 MW ADA-ES Pilot at Plant Miller
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Project Goals

 The overall objective is to validate solid sorbent-based post
combustion CO, capture through slipstream pilot testing.

* Project Goals:
o Achieve 90% CO, Capture
o LCOE increase less than <35%
o Generate a high purity CO, stream
o Successfully scale sorbents

Federal Funding provided by the DOE National Energy Technology
Laboratory’s Carbon Capture Program
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25 MW CCS Demonstration at
Alabama Power Plant Barry



Flow Diagram

Post-Combustion CO, capture process CO, Compressor
. . ™ Compressed CO,
Using MHI proprietary KS-1™ solvent : t 1,500 psig
= ] —CC—
Flue Gas Outlet CO, Purity
>99.9 %
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World’s Largest Integrated CCS of Coal-fired Power Plant
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CO2 Capture Plant

Flue gas demister and outlet
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Information and Goals

« CO2 Capture and Compression

SCS/MHI collaboration with partners
KM-CDR capture technology

« Transportation and Sequestration

DOE SECARB Phase Il “Anthropogenic
Test”

100-300 kMton of CO2 will be injected into a
saline formation over 2-3 years

12 mile CO2 pipeline to Denbury Resources,
Inc. injection site into Citronelle Dome

«  Objectives/Goals

Advance saline sequestration technology
through large field test

Characterize CCS operations to support
larger scale development and deployment

Continue outreach and education to ensure
seamless deployment
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Plant Performance

* Gas In for CO, Capture Plant: June, 2011

« Commissioning of CO, Compressor: August, 2011

« Commissioning of CO, Pipeline: March, 2012

« CO, Injection: August, 2012
(World’s Largest Integrated CCS from a Coal-fired Power Plant)
Items Results
Total Operation Time * hrs 10,600
Total Amount of Captured CO, * metric tons 198,100
Total Amount of Injected CO, * metric tons 100,600
CO, Capture Rate metric tons per day > 500
CO, Removal Efficiency % >90
CO2 Stream Purity % 99.9+
Steam Consumption ton-steam/ton-CO, 0.98
*As of October 31t, 2013 SOUTHERNA
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Operational Update of
500 TPD CCS Demo



Project Test Items

Item

Main Results

Baseline mass and
heat balance

Verified that steam consumption was lower than expectation under the
design condition (CO, removal efficiency: 90%, CO, capture rate: 500MTPD).

Emissions and waste
streams monitoring

Successfully demonstrated amine emission reduction technologies under the

various SO, concentration condition (2013)

Parametric test for all
process systems

Verified operation performance under several controlled operating parameters

changes. (2011-2012)

Demonstrated several improved technologies for the cost reduction. (e.g. MHI

Proprietary spray distributor) (2013)

Performance
optimization

Achieved 0.95 ton-steam/ton-CO, by optimizing steam consumption. (2011)

Dynamic response
test for load following

Carried out continuous control testing to optimize the operation condition with
self-developed dynamic simulator. The system successfully controlled the

operation condition. (Oct. 2013)

High impurities
loading test

Verified that the amine emission increased as a result of higher SO, loading.
(Oct. 2011) Verified that the impurities were removed from the solvent by

reclaiming operation. (2012, 2013)
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(1) Amine Emission Evaluation

* Amine emissions increased significantly with a small amount of SO3.

 MHI's amine emission reduction system decreases amine emissions down to
less than 1/10 of the conventional system

KS-1™ Emission

I MHI Conventional System

¢ Amine Emission Reduction System

O
O
i ] More than 90%
B Reduction
o ¢
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SO; Concentration

Fig. Relationship between SO, conc. and solvent emission

Low SOg in the gas
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(2) Improved Technology

» Proprietary spray type distributor developed by MHI to reduce weight of tower
internals

« Keeping the same performance as the trough type distributor approximately
50% cost reduction of tower internals was achieved

Fig. Spray Type Distributer
Fig. Trough Type Distributer (MHI Proprietary)
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Heat Integration System
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High Efficiency System (HES)

* Project Overview
» Integrate waste heat recovery technology to 5S00MTPD Demo Plant at Plant
Barry
« Evaluate improvements in the energy performance of the integrated plant
* Objectives
* Quantify the energy efficiency improvements to the CO2 capture process
when integrated with High Efficiency System (HES) and the host power
plant
* Quantify the tangential benefits of the HES technology
« ESP performance improvement
« SO03 and trace elements removal
» Solvent consumption reduction
« Water consumption reduction
* Project Schedule
« BP 1. FEED and Permitting through Sep. 2013
« BP 2: EPC Oct. 2013 — Sep. 2014
« BP 3: Field Testing Oct. 2014— Feb. 2016

DOE funded project, "Development and Demonstration of Waste Heat Integration with Solvent Process for More Efficient
CO, Removal from Coal-Fired Flue Gas” DE-FE0007525
SOUTHERN &=
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Process Flow & Technology Benefits

Improve efficiencies of host steam cycle and CO, recovery plant
Reduce water consumption in FGD by lowering flue gas inlet temperature
Improve ESP performance

Remove SO3 and heavy metals (mercury and selenium) in ESP

AQCS cost reduction I

350°
— Flue Gas
——— Boiler Feed Water

200°

Steam Cycle

90°

Boiler Feed Water
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Summary

 Alabama Power’s Plant Barry 500 TPD CCS plant has successfully completed its
2"d year of operation

« Total 198,100 metric tons of CO2 were captured, and total 100,600 metric tons of
CO2 were injected (10/31/2013)

* Plant performance is very stable at full load condition with CO, capture rate of 500
TPD at 90% CO, removal and lower steam consumption than the conventional
process

Operation by Southern Company staff has been very successful

 Collaboration between Southern Company and MHI has lead to significant process
improvements and enhanced operability demonstrated in the following:

« New amine emission reduction technologies achieved significant reduction
(More than 90% reduction).

 The spray type distributer achieved significant weight reduction in comparison
to the trough type. (Approx. 50% reduction)

« MHI Dynamic Simulator stably and continuously optimized operation based on

the flue gas condition or CO2 production demand. SOUTHERN
COMPA 21



Southern Company

Leading the Industry in CCS

== Geologic sequestration scientific
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22



Thank Youl!

Questions?

For more information please contact:

Jerrad Thomas — Southern Company Services
Project Manager for CCUS and Research Engineer
Email: JERRTHOM@southernco.com
Tel: 205-257-2425
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