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STRATEGIES FOR CARBON MANAGEMENT
WITH FOSSIL FUEL COMBUSTION

» Energy Efficiency & CO, Avoidance

» Carbon Capture & Sequestration
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STRATEGIC
CONSIDERATIONS

Ambitious Climate

Protection Goals Economic Feasibility of

Technology Solutions

Increasing Energy Demand
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OXY-FUEL TECHNOLOGY DEVELOPMENT

» Using pure oxygen instead of air for combustion

» Eliminating airborne nitrogen that functions as heat sink
» Application in Industrial Furnaces

» Application in Natural Gas and Coal Fired Boilers
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JUPITER OXYGEN TECHNOLOGY

» Heat transfer process using pure oxygen for the combustion
of fossil fuel

» Using a high flame temperature, but keeping the same
process temperatures as with air combustion

» Maximizing radiant heat transfer



ALUMINUM RE-MELTING RESULTS

Improved Energy Efficiency Leads to:

» Fuel Savings
Natural gas fuel reduction < 74%
Oil fuel usage reduction < 69%

» Linear CO, Emission Reduction from Fossil Fuel Savings
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R & D STRATEGY

» Extensive experiments with the use of oxygen in
industrial melting furnaces were applied in day-to-day
operations successfully

» Knowledge from these experiments led to a patented
process for advanced oxy-fuel combustion and burner
systems

»  Technology transfer to natural gas and coal fired
boilers with aiming for cost effective carbon capture
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RESULT FROM RE-CCS INTEGRATED ASSESSMENT:

» CCS can provide significant absolute reductions of
GHG emissions within the electricity supply system

» “Oxyfuel combustion with a CO, capture rate of 99.5%
results in a reduction of 90%* (CO,) and 78% (GHG),
respectively” (VIEBAHN, FISCHEDICK, et al;, 2007)

* Those results are prior to any efficiency gains from Jupiter
Oxygen’s undiluted high flame temperature process
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KEY CARBON CAPTURE STRATEGY FOR FOSSIL FUELS
» Reduce parasitic power losses associated with carbon capture
» Use cost effective technology for carbon capture
» Create a cost effective approach for retrofits

» Design a truly CO, capture ready concept
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JUPITER OXYGEN SOLUTION

» Undiluted high flame temperature

» Maximizing radiant heat transfer Oxygen
» No air — no nitrogen - ultra low NOx A ol

» Stack exhaust 25% by volume — pollution control less expensive

» Concentrated CO, in flue gas — reduces capture cost
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RESULTS: ENERGY EFFICIENCY GAINS FROM OXY-FUEL
» Decrease in fuel usage up to 16%

» Less fuel usage — less CO, emissions respectively

» Nitrous Oxides production of 0.088 Ibs/MMBtu and lower;
[no back end NOx technology; ultra low NOx emissions]
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INTEGRATED POLLUTANT REMOVAL SYSTEM (IPR-NETL)
» Heavy Particulate Removal [PM removal]
» 3 Stages compression & condensation: SOx & mercury removal

» Compression train for CO, liquefaction; pipeline ready

(2D) JUPITER DXYGEN CORPORATION
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JOC OXYFUEL & NETL - IPR SYSTEM RESULTS
» No need for NOx control technology
» Capture of more then 95%+ of the CO,
» 60 to 90% mercury capture
» 99% sulfur removal

» 99% removal all particulates; 80% small particles (PM 2.5)

(2D) JUPITER DXYGEN CORPORATION



POWER PLANT RETROFIT

Our R&D strategy is focused on retrofitting power plants as a
fast track — moderate cost Carbon Capture and Storage option

Necessary Retrofit Steps

» Add oxygen plant or pipeline source
» Installation of a CO, capture system [IPR]
» Special Oxy-fuel burners and a control system

» Flue gas recirculation can be used to balance heat transfer,
If necessary



RETROFIT: EXCELLENT AIR QUALITY &
EQUIPPED FOR CO, - SEQUESTRATION

COAL FEEDER & PULVERIZER

<LUE GAS RECIRCULATION HEAVY PARTICULATE
PM REMOVAL — MURCURY REMOVAI
<« LATENT HEAT RECOVERY

<4VATER RECYCLING
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SIGNIFICANT CO, - REDUCTION IN ENERGY SECTOR

Low carbon fossil fuel power generation < 250 pounds CO,/ MWh

JUPITER OXYGEN / IPR — Retrofit [projected at]:
» Supercritical PC power plant = 93 pounds / MWh
[reference plant 1,560 pounds / MWh]

» Natural gas power plant = 46 pounds / MWh
[reference plant 820 pounds / MWh]
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GOALS FOR SUCCESSFUL CCS STRATEGY
» Reduce parasitic power losses from CO, capture
» Limit cost increase for clean fossil fuel power

» Enable reasonable price for CO, capture as
key for CCS technology commercialization



.
O ‘I l" \ / |ENERGY EFFICIENCY
é‘,.- U/ IGLOBAL FORUM & EXPOSITION

HAMMOND TEST FACILITY [3"@ GENERATION UNIT]

» Primary Function
* Oxy-fuel burner test system
* |Integrated Pollutant Removal research
« Flue Gas re-circulation

» Major Components
« Boiler for operation of 15 MWth oxygen burner
105 TPD cryogenic plant: 95% purity
« Coal pulverizer with recirculation system
« Automated Data Acquisition system

(2D) JUPITER OXYGEN CORPORATION
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CONCLUSION & OUTLOOK

“Create Practical Technology Solutions That Are Result
Orientated, i.e., Achieving Significant Net Reductions
of CO, Emissions at Reasonable Costs”
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