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Objective and Goal

>Qverall objective Is to complete an engineering
design and economic analysis of a second
generation oxy-coal boiler technology known as a
pressurized molten bed oxy-coal boiler

>This IS a 12-month Phase 1 effort

>8 Phase 1 projects were funded with 1 or 2 to be
down-selected for a Phase 2 demonstration
project

>The Phase 2 proposal is due to DOE NETL on
June 30, 2013. This is a firm date.
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Contract Detalls

> Contract Number: DE-FEO009686
>Timeline  Oct 1, 2012 Sept 30, 2013
>DOE: Technical Officer Any Aurelio
Contracting Officer Carla Winaught
»GTI Project Manager David Rue
Principal Investigator Aleksander Kozlov
Contract Administrator Fred Viralo
»Nexant Prin. Investigator Robert Chu
»BYU Prin. Investigator Prof. Dale Tree
»REI Prin. Investigator Kevin Davis
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Funding and Co-Funding

> U.S. Department of Energy
— $800,000
> Co-funding
— ldentical Statements of Work
— Slightly delayed start dates, same end dates
> |llinois Clean Coal Institute (ICCI)
— $50,000
— Project Manager:. Ms. Debalina Dasgupta
— Final proposal reviewed and submitted
> |Infrastar Advisers, LLC
— $150,000
— Project Manager: Mr. Bruce Matheson
— Contract in process
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Statement of Work (1)

>Task 1 — Project Management and Planning

>Task 2 — Engineering Design and Economic Analysis

— Task 2.1 — Molten Bed Boller Design
— Task 2.2 — Economic Analysis

> Task 3 — Thermodynamic Analyses

— Task 3.1 — Process Parameters Prediction
— Task 3.2 — Energy Balance Model Development
— Task 3.3 — Power Plant Energy Analysis
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Statement of Work (2)

> Task 4 — Oxy-Coal Burner Testing
— Task 4.1 — Burner Design and Fabrication
— Task 4.2 — Burner Shakedown and Testing
— Task 4.3 — Burner Testing
— Task 4.4 — Test Data Analysis

> Task 5 — Corrosion Analysis

— Task 5.1 — Study Potential for High Temperature
Corrosion

— Task 5.2 — CO2 and SO2 Capture Options Analysis
— Task 5.3 — Advanced Material Use Evaluation

>Task 6 — Phase 2 Proposal
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Project Team Roles

>GTI >Nexant (Task 2)
— Project Management — Engineering design
— Reporting — Economic analysis

— Inputs into engineering

design, thermodynamic >BYU (Tasks 3, 4)

— Thermodynamic

analyses |
— Oxy-coal burner design, analyses

fabrication — Oxy-coal burner
— Phase 2 proposal testing

preparation > REI (Task 5)

— Corrosion analysis
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Pressurized Molten Bed Oxy-Coal Boiler

> Coal and O2 are charged to a —
pressurized molten slag bed boiler Coal Capture
> Heat is distributed by the slag and ¢ Secondary - co. ¥
transferred to steam tubes in the _E:’ D“ge"‘ Steam t; )
walls 5 woten | Frosecion
> Walls are protected by a thin layer Y Coal e Y
of refractory covered by frozenslag o4, j" :
_ _ 4 - + Slag Discharge |
> Slag is recovered as carbon-free frit A T e ——
Separation *ﬂ Flue Gas Recirculation

> Based on proven technologies
— Submerged combustion melting

— Evaporative cooling
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Simplified Plant Flow Diagram
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Heat Transfer to the Tubes by the Molten Slag

> Refined calculations show that the castable refractory
thickness is ~1 inch for large boilers. Therefore
thermal resistance covering the tubes in the molten

region would not be too high. This will also be defined
more accurately during the project.

> Heat transfer rates are high because of conduction
and forced convection

> Boiler geometry and heat exchange surface area will

be designed to optimize heat transfer and steam
generation
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Maximizing Steam Production

> Heat is transferred through designed, thin layers of frozen slag and

refractory R E/_] % Siaq
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Effects of Pressure

> A new process diagram for pressurized system has
been developed and will serve as basis for engineering
design work

> Safety-explosion suppression system with a nitrogen
blanket and pressure rupture panels is needed

> According to published data, 5-10 bar pressure is
optimal for oxy-coal bolilers. This issue will be
addressed during the project

> Operation at pressure simplifies and lowers the cost to
liguefy carbon dioxide for sequestration

e gti



Flue Gas Recirculation

>FGR i1s added in oxy-coal boilers to
> Balance heat transfer
> Lower peak temperatures to levels from air-coal firing
> Allow for retrofit and repowering

>The molten bed boiler operates in a fundamentally
different way. Motion of the molten slag serves to
distribute the heat. This eliminates the need for FGR.

> The pressurized molten bed boiler is not a retrofit

> But with a more compact size, a replacement may be
made with the air separation unit and molten bed
boiler in the same space as an air-fired PC boiler
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Flue Gas Recirculation (GFR)

> All other oxy-coal boilers require flue gas recirculation
that adds cost, requires space, and adds large costs

> GTI calculations and published literature conclude that
100% FGR decrease will lead to 3-4% increase in net
plant efficiency

> Thermodynamic analyses support this because:
> Flame temperature increases with decreasing FGR
> Temperature differential drives heat transfer to steam tubes
> Heat losses from FGR loop are very low or zero

> Elimination of the FGR fan will also increase net
efficiency
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Evaluated Cost of the Plant

> The elimination of FGR saves both size and cost

>There Is an estimated 70% decrease in combustor size
and cost based on heat transfer calculations. These
calculations will be verified during this project

> Determination of the change in size and cost of the
boiler and the heat transfer surface area will be carried
out in the project




Technical risks — Elutriation of Slag into
the Convective Pass

> According to GTI's calculations, temperature above the
molten bed is ~2970°F; temperature at the convective
pass inlet is ~1880°F. These are close to the
temperature levels for existing boilers. The temperature
of 1880°F is ~400°F below the slag softening
temperature. Therefore the risk of elutriation of slag
Into the convective pass is very low. The process will be
similar to the process in a slagging boiler.

> According to GTI’'s calculations, about 80% of total
heat is released before the convective pass
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SO2 Emissions Control

>S02 management and corrosion issues will be
examined during Task 5 by subcontractor REI

> Best practice will depend on boiler conditions and sulfur
chemistry

> Mitigation approaches will depend on available
technology and cost




Computational Fluid Dynamics Modeling

> Computational Fluid Dynamics (CFD) software will be used for the
calculations. GTI has computational data for process modeling for
glass melting. CFD software will be used together with Aspen and
HYSYS for system development.

> Afull 3-D FLUENT CFD model exists for SCM. This model has
been validated against actual melter operating data

> The grid of the FLUENT model, the inputs, and the material
properties will be changed to match the molten bed oxy-coal boiler.

> Using a modified version of a validated CFD model will increase
the accuracy of the calculation mass, energy, heat transfer, and
flow pattern calculations
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Coal and Oxygen Injection — Using Modified Version of
GTI's Patented and Proven Oxy-Gas Molten Bed Burner

> 02 for combustion is >20 times amount et N e
needed to transport pulverized coal ; i J

N = 00 N

> Coal and O2 can be divided as needed
between side and bottom charging
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Required Reports to Department of Energy

> Briefings / Technical Presentations

— Kick-off meeting — 10/22/2012 — NETL Pittsburgh
office

— Final meeting — Oct., 2013 — NETL Pittsburgh office
— (optional) 2013 Pittsburgh Coal Conference

— Reports — quarterly technical reports

— Final report — Phase 2 proposal




Advantages over Other Oxy-Coal Bollers

> Molten bed boiler is fuel flexible with no modification — using the

two most abundant and lowest cost domestic fuels
> Boiler can be fired with 100% coal
> Boiler can be cofired with coal and natural gas at any coal/gas ratio
> Flue gas recirculation (FGR) is reduced by 85-100%
— Large decrease in capital cost
— Increase in boiler and power plant efficiency
> Boller size reduced up to 70% because of higher heat transfer rate
— Large decrease in capital cost
— More compatible with pressurized operation
> Potential to lower crushing costs

— Molten bed boiler could accept a wider coal size range
— Particle top end size potentially be much larger
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More Molten Bed Boiler Advantages

> Coal fines are much less of a problem
— Fly ash carryover is greatly reduced
— Fly ash contains little or no carbon or organics
— >99% of ash can be recovered as stable, carbon free frit, sized as
desired
> More options for SO2 control
— Additives to the molten bed could capture SO2
— Flexible operating modes could allow flue gas conditions to be
controlled for best SO2 capture
> Less need for advanced materials because peak temperatures are lower.
— The molten bed walls are protected.
— Heat is uniformly distributed by the molten slag circulation

> Molten bed boiler is scalable
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GTIl Has Available Oxy-Coal Support Facilities

> Flex-Fuel facility with gasifiers,
hot gas clean-up, and
emissions capture equipment

> Pilot-scale molten bed test
facility
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