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BabcockBabcock --Thermo Clean Combustion LLCThermo Clean Combustion LLC
Business ObjectiveBusiness Objective

• MISSION: To provide advanced technology and systems for emission-
free combustion of coal and other fossil fuels for power generation.

• COMMERCIALIZATION PATH
– Demonstrate technology at pilot scale.
– Deploy at commercial scale.
– Engineer, procure, and construct ZEBS® projects globally.

• SUCCESS FACTORS
– Lowest cost of power generation.
– Superior patented technology.
– Experienced & proven team with power generation experience.
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BabcockBabcock --Thermo Clean Combustion LLC (BTCC):Thermo Clean Combustion LLC (BTCC):
Owned by Subsidiaries of Babcock Power & ThermoEner gyOwned by Subsidiaries of Babcock Power & ThermoEner gy
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Babcock Power Business UnitsBabcock Power Business Units
Leader in Several Segments Leader in Several Segments 

Steam Generator SystemsSteam Generator Systems Heat ExchangersHeat ExchangersHRSGHRSGEnvironmentalEnvironmental

• New utility steam generators

• WTE boilers & upgrades

• Solar steam generators

• Low NOx burners & upgrades

• Pulverizers

• Replacement pressure parts

• Spare parts & tube stocking

• Boiler condition assessments

• Field engineering

• Construction

• New utility steam generators

• WTE boilers & upgrades

• Solar steam generators

• Low NOx burners & upgrades

• Pulverizers

• Replacement pressure parts

• Spare parts & tube stocking

• Boiler condition assessments

• Field engineering

• Construction

• Condensers

• Feedwater heaters

• Moisture separator reheaters

• Industrial heat exchangers

• Fired process heaters

• Solar heat exchangers

• Waste heat boilers

• Repair and emergency 
services

• Condensers

• Feedwater heaters

• Moisture separator reheaters

• Industrial heat exchangers

• Fired process heaters

• Solar heat exchangers

• Waste heat boilers

• Repair and emergency 
services

• Selective catalytic reduction 
(SCR)

• Regenerative SCR systems

• Flue gas desulfurization
(wet & dry FGD)

• Mercury control systems & 
management

• System upgrades for SCR and 
scrubbers

• Activated lignite HOK®

• Multi-pollutant control systems

• Particulate removal systems

• Selective catalytic reduction 
(SCR)

• Regenerative SCR systems

• Flue gas desulfurization
(wet & dry FGD)

• Mercury control systems & 
management

• System upgrades for SCR and 
scrubbers

• Activated lignite HOK®

• Multi-pollutant control systems

• Particulate removal systems

• Heat recovery steam 
generators

• Engineering and aftermarket 
services

• Simple cycle exhaust systems

• HRSG condition assessment

• HRSG Evaluation services

• Heat recovery steam 
generators

• Engineering and aftermarket 
services

• Simple cycle exhaust systems

• HRSG condition assessment

• HRSG Evaluation services

Sectors and product lines:

Companies:
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ThermoEnergy Corporation
Water Treatment & Clean Energy Technology

Commercializing patented and proprietary municipal and industriaCommercializing patented and proprietary municipal and industrial l 
wastewater treatment and power generation technologieswastewater treatment and power generation technologies

Water Treatment Power Systems

Develop and manufacture 
innovative wastewater treatment 
and recovery systems.

Applications in aerospace, food 
processing, metal finishing, 
refineries, manufacturing, and 
municipal wastewater.

Development of pressurized 
oxycombustion patented 
technology.

Applications in power generation, 
coal-to-liquids, refineries, and 
industrial combustion.
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Zero Emissions Boiler SystemZero Emissions Boiler System
by BTCCby BTCC

The next generation 
oxy-combustion 

technology

An integrated, CO2 and 
multi-pollutant capture

boiler system, based on 
pressurized oxy-combustion



© 2011 BTCC LLC.  Proprietary and Confidential.  All rights reserved.  www.babcockthermo.com 9

ZEBS®® Efficiency:
Advantage Over Other Options

Net Plant Efficiency, % HHV
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ZEBSZEBS®®

Lowest Capital Cost For Coal Based Generation with CCSLowest Capital Cost For Coal Based Generation with CCS
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ZEBSZEBS®®

Lowest Cost of Generation with CCSLowest Cost of Generation with CCS
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ZEBSZEBS®® Is Competitive:Is Competitive:
Lower Cost of Generation than Renewable Lower Cost of Generation than Renewable 

Levelized Cost of Electricity, LCOE  ($/MWh)
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ZEBS®® Advantage
Summary of Features

• Highest plant efficiency and lowest cost among CCS options.

• Suitable for repowering existing plants and for optimized new plants.

• Any steam cycle possible, including double reheat.

• Captures all pollutants.

• No smoke stack.

• No air in-leakage.

• Delivers liquid CO2 at ambient temperature; no chilling required.

• Requires only pumping, not compression, of CO2 for pipeline.

• Improved heat transfer (radiation, convection) and combustion.

• Small plant footprint, small components, shop-fabricated modules.

• Water consumption less than ambient oxycombustion or PCC.

• Backed and developed by strong team and plan.
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OxyOxy --Combustion General Idea:Combustion General Idea:
Eliminate Nitrogen from Air, Produce Concentrated C OEliminate Nitrogen from Air, Produce Concentrated C O22

• Eliminate nitrogen 
from the air.

• Product gas is 
reduced and mainly 
CO2 and H2O.  
Condense the H2O; 
sequester CO2.

• Recycle gas to 
maintain flame temp 
and conventional 
furnace / boiler 
design.
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OxyCombustionOxyCombustion ::
Product Gas is Significantly Reduced and Nearly All  CO2

Amount of Combustion Product
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OxyCombustionOxyCombustion ::
Typical Application to Conventional Boiler Design
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OxyCombustionOxyCombustion ::
Why Pressurize It?

• Begin with the end in mind:  CO2 to be sequestered at pressure.

• At pressure, water vapor condenses at temperature high enough for 
latent heat to be recovered in the steam cycle; efficiency improvement.

• At pressure, we can condense CO2 to liquid; save power by pumping 
liquid instead of compressing gas.

• Condensing heat exchanger captures small particulates and acid 
gases as well as recovers heat.

• Enhanced rates of combustion and heat transfer.

• Reduced volume, boiler size, and steel.

• Modular heat exchangers reduce construction costs.
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PressurizedPressurized OxyCombustionOxyCombustion ::
Latent Heat of Water is Available at Useful Tempera ture;
CO2 Condenses to Liquid at Ambient Heat Sink Temp.

Component Condensation
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ZEBS®® Efficiency vs. Pressure:
Improvement over Ambient Oxycombustion
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ZEBSZEBS®® Power PlantPower Plant
Simplified Schematic Simplified Schematic 
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ZEBSZEBS®® TechnologyTechnology
Pressurized OxycombustionPressurized Oxycombustion

• Combusts coal/oil/natural gas 
with zero emissions.

• Patented pressurized 
oxycombustion process.

• Fuel and oxygen delivered at 
high pressure.

• Captures and collects CO2 in 
pressurized liquid form.

• Other pollutants (NOx, SOx, Hg) 
drop out in liquid form.

• Steam delivered to conventional 
turbine for electric power 
generation.
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Plant Water Consumption:Plant Water Consumption:
ZEBSZEBS®® Less Than PCC or Ambient Pressure OxyLess Than PCC or Ambient Pressure Oxy

Water requirements for all 
cases except ZEBS are 
from DOE/NETL reports 
2010/1397 & 2007/1291.

Relevant ZEBS req’mts 
are scaled from Oxy & 
other cases per gross 

power or heat rate.
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Combustion Product Condensate
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Combustion Product Condensate:Combustion Product Condensate:
Much of Condensate is Internally RecycledMuch of Condensate is Internally Recycled

COMBUSTION 
VESSEL

COAL SLURRY 
PREP.

HIGH PRESS. 
ASU

ASH   
REMOVAL

CO2 
SEPARATOR

Slag

Vent

Condensate
for other uses

Recycle Gas

STEAM 
GENERATOR

FLUE GAS 
CONDENSER

WATER 
SEPARATOR

WaterCoal

Air
Vent gas

FW Steam Water

Water

WATER 
TREATMENT

SCRUBBER / 
QUENCH

CO2

C1a C1c C2a C2c

C1b

C2b

Ash

Water 
treatment 

waste

WTW

tbd

The net water 
generation is 
essentially sourced 
from the water in fuel 
and combustion of 
fuel hydrogen.

Re-use & waste 
streams depend on 
final treatment 
system design.

Bituminous coal, 600 MW net



© 2011 BTCC LLC.  Proprietary and Confidential.  All rights reserved.  www.babcockthermo.com 25

ZEBSZEBS®® Pollutant Control:Pollutant Control:
SummarySummary
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New Plant Applications:New Plant Applications:
ZEBS can be Designed for Any New PlantZEBS can be Designed for Any New Plant

• ZEBS® can be designed for any steam cycle:

• Subcritical, supercritical, UltraSuperCritical (USC).

• Modular design accommodates double reheat, with low pressure 
drops and enhanced efficiency.

• Feedwater heating cycle integration in plant design will optimize 
plant efficiency.

• Subsystem heat recovery / integration less than for ambient-
pressure oxycombustion.

• Fuel-flexible:  Wide range of coals, pet coke, some biomass.  Very little 
efficiency penalty for high-moisture fuels.

• Partial oxidation / gasification is an option provided in patents.

• Compact footprint, modular vessel designs.

• Up to ~300 MWg per train.  Multiple trains for larger plants.
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RepoweringRepowering Applications:Applications:
RepoweringRepowering and Initial Demonstrationsand Initial Demonstrations

• Potential market 50-100 GW.

• ZEBS® replaces steam generator;  two options:

• Complete replacement of existing steam generator.

• Operate in parallel with existing steam generator.

• Older steam generator could remain as backup.

• Existing BOP and steam turbine utilized.

• Potential for turbine steam path upgrade.

• ZEBS® steam generator will match any turbine / BOP 
requirement.

• Initial demonstrations are likely ~40-80 MWnet.
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Repowering Repowering Existing Units:Existing Units:
Emissions Regulations: Retrofit, Emissions Regulations: Retrofit, RepowerRepower , or Retire?, or Retire?

Emissions control cost range representative of 90% of the total capacity requiring some additional controls.  
Sources include HIS CERA and Ventyx.
$6/MWhr ~ $460/kW;   $30/MWhr ~ $2300/kW;  based on 25 yrs, 8.47%, 85% capacity factor.

Pending emissions regulations:

• Plants currently without SCR or FGD would require investment, ~$30/MWhr.

• Plants currently with some emissions controls may require ~$6/MWhr.

• If CO2 is also regulated,

• One option is to retrofit with both MACT controls and post-combustion CO2
capture system (PCC).

• Alternative is to repower (replace boiler system) with ZEBS® integrated,
multi-pollutant capture system.

• We evaluate the levelized cost of electricity (LCOE) and dispatch costs of the 
options.

• Cost of CO2 avoided can be thought of as the ‘break-even’ valuation of CO2 that 
would result in the non-capture base plant having the same LCOE (or dispatch 
cost) as that from the capture case.  (In other words, it is the CO2 ‘tax’ that 
would justify installing the retrofit or repowering equipment.)
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Repowering Repowering Existing Units:Existing Units:
BitumBitum . Coal Units Needing Significant MACT Investments. Coal Units Needing Significant MACT Investments

CO2 TS&M cost = transport, storage, and monitoring

• LCOE
ZEBS 26% less than 
PCC + retrofits.

• Cost of CO2 avoided 
(breakeven value)

• ZEBS:  $26/ton

• PCC:  $62/ton

(PCC)

Cost of Electricity: MACT Retrofit vs. ZEBS Repower
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Repowering Repowering Existing Units:Existing Units:
BitumBitum . Coal Units Needing Minor MACT Investments. Coal Units Needing Minor MACT Investments

CO2 TS&M cost = transport, storage, and monitoring

• LCOE
ZEBS 8% less than 
PCC + retrofits.

• Cost of CO2 avoided 
(breakeven value)

•ZEBS:  $54/ton

•PCC:  $62/ton

(PCC)

Cost of Electricity: MACT Retrofit vs. ZEBS Repower
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Repowering Repowering Existing Units:Existing Units:
Consider the Natural Gas OptionConsider the Natural Gas Option

CO2 TS&M cost = transport, storage, and monitoring

(PCC)

• LCOE
ZEBS ~15% less than 
NG  PCC.

• Cost of CO2 avoided 
(breakeven value)

•ZEBS:  $54/ton

•PCC:  $103/ton

Cost of Electricity: New NGCC vs. ZEBS Repower
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Repowering Repowering Existing UnitsExisting Units
BenefitsBenefits

Re-Powering America’s coal-fired power plants with ZEBS® means that: 

• In addition to capturing CO2 in a supercritical state, SOx, NOx, chlorides, 
mercury, and particulate emissions are eliminated, meeting EPA air 
regulations.

• Much of the existing power generation and transmission infrastructure can be 
utilized, minimizing new investment.

• Converted plants may utilize complete range of coal types, pet coke, or 
biomass.

• Jobs will be kept and created instead of lost.

• State and local government will maintain tax bases.

• Higher electricity prices that would have resulted from expensive plant 
replacements will not harm industry and consumers.

• ZEBS® would make a significant contribution towards addressing CO2
emissions or providing the options for future implementation.
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ZEBSZEBS®® Technology Development:Technology Development:
Work To DateWork To Date

• Applied ThermoEnergy lab modeling to plant design.

• Utilized Babcock / Riley Power boiler & combustion design experience 
and adjusted to ZEBS® conditions.

• Developed process flow models using Aspen.

• Developed design programs for sizing all ZEBS® components.

• Generated 600 MW design for cost & performance comparisons to 
other technologies.

• Used consultants for review and input.

• Compared LCOE costs of ZEBS® to competing technologies.

• Developed partnership relationships in support of technology.

• Issued technical papers; presented technology to industry.

• Plan burner test & pilot plant construction.
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ZEBSZEBS®® Technology Development:Technology Development:
Fundamental Fundamental Experiments Completed

• Bench-scale heat transfer 
loop.

• Measured heat transfer at 
ZEBS® pressures more 
than 10x greater than at 
ambient pressure.

• Bench-scale heat transfer 
loop.

• Measured heat transfer at 
ZEBS® pressures more 
than 10x greater than at 
ambient pressure.

Heat Transfer TestingHeat Transfer Testing

• Variable volume 
equilibrium test vessel.

• Dew point temperatures 
increase with pressure and 
CO2 concentration.

• Condensation 5-7 F° (3-4 C°)

higher than predicted by
Peng-Robinson.

• Variable volume 
equilibrium test vessel.

• Dew point temperatures 
increase with pressure and 
CO2 concentration.

• Condensation 5-7 F° (3-4 C°)

higher than predicted by
Peng-Robinson.

Condensation TestingCondensation Testing

• Materials and coatings 
studied at the University of 
Nevada Reno.

• Titanium based materials 
evaluated.

• Materials and coatings 
studied at the University of 
Nevada Reno.

• Titanium based materials 
evaluated.

Materials TestingMaterials Testing
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Technology Development:Technology Development:
Pressurized Pressurized OxyCombustionOxyCombustion ReviewsReviews

Vetted by:

• CANMET (HiProx)

• ENEL (145 psi / 10 bar combustion test)

• MIT (Prof. A Ghoniem)

• University of Aachen / EPA (Prof. Renz)

• Steinmüller Engineering (Siemens)

• Babcock Power
• Boiler design / heat transfer / materials
• Fuels
• Combustion
• Environmental

Conclusions:

• Confidence in technology – very promising.

• Validate with sound development program.

• Address risk areas utilizing consultants and pilot and other experimental work.
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ZEBSZEBS®® Technology Development:Technology Development:
Global Research Through Network of Expert Consultan tsGlobal Research Through Network of Expert Consultan ts
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ZEBSZEBS®® Development TimelineDevelopment Timeline
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ZEBSZEBS®® Design Development:Design Development:
OxyOxy --Combustion TestingCombustion Testing

• University of Utah facility

• ~ 1 MBtu/hr heat input (300 kW)

• 420 psia pressure (29 bara)

• Indian & bituminous coals

• CO2 for temperature control

• Multiple burner designs

• Results to be scaled using CFD 
for pilot plant burner

• Determine various operating 
behaviors and conditions

Combustion efficiency, combustor 
temperature control, excess O2 limits, 
slagging conditions, slurry compositions, 
etc…
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ZEBSZEBS®® Design Development:Design Development:
Pilot PlantPilot Plant

• Fuel — USA, India, World coals

• Heat input — 20 MWT

• Steam generation — 57,000 lb/hr

• Operating pressure — 1300 psia

• O2 required — 148 tonne/day
(7.2 kg/s)

(90 bara)

• Deliver liquid CO2.

• Demonstrate all aspects of ZEBS®.

• Validate design standards for larger 
plants.

• Provide information on operability.

• Allow for process optimization.

• Provide a system for process 
enhancements.
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ZEBSZEBS®® AdvantageAdvantage
SummarySummary

• Next-generation carbon capture technology.

• Highest plant efficiency and lowest cost among CCS 
options.

• Suitable for repowering existing plants and for optimized 
new plants.

• Scale is compatible with EOR needs.

• Multi-pollutant capture system exceeds all pending 
emissions regulations.

• A USA technology that has global potential.

• Strong and experienced BTCC consortium team.



© 2011 BTCC LLC.  Proprietary and Confidential.  All rights reserved.  www.babcockthermo.com 44

BTCC Potential Business RelationshipsBTCC Potential Business Relationships
ZEBSZEBS®® TeamTeam

• BTCC Looking for Commercialization Partners 
– Technology
– Equipment
– Financial support

• Status
– Several potential pilot hosts identified.
– Oxy-combustion test facility identified.
– Pilot plant design & development execution plan 

finalized.
– Technology development continues.
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Why Team with BTCC?Why Team with BTCC?
ZEBSZEBS®® ValueValue

• Consortium offers synergy.

• Broad process patents
– Granted in USA & Canada
– Finalizing in EU
– Filed in China, India, Korea, other.

• Babcock Power engineering & execution experience.

• Development program well underway.

• Flexible & nimble team.
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DisclaimersDisclaimers

*Disclaimers . Specific information contained herein has been compiled based upon information obtained from 
sources Babcock-Thermo Clean Combustion LLC (BTCC) reasonably believes to be reliable. Such information 
has not been independently verified and no guarantee, representation, or warranty, express or implied, is made 
as to its accuracy, completeness, or correctness. BTCC reserves the right, in its sole discretion and without any 
obligation, to make improvements to, or correct any error or omissions in any portion of, the information 
contained herein and BTCC shall have no obligation to notify you of any changes. Projections, forecasts, and 
past performance mentioned herein, if any, are not intended to be complete and should not be construed as an 
indication of future results and performance. Certain statements set forth herein, other than statements of 
historical fact, and other written or oral statements made by BTCC may be forward-looking. In some cases, you 
can identify forward-looking statements by terminology such as "may", "will", "should", "expects", "intends", 
"plans", "anticipates", "believes", "thinks", "estimates", "seeks", "predicts", "potential", and similar 
expressions. Although BTCC believes that these statements are based on reasonable assumptions, they are 
subject to numerous factors, risks, and uncertainties that could cause actual outcomes and results to be 
materially different from those projected. Those factors, among others, could cause actual results and outcomes 
to differ materially from the results and outcomes projected in, or implied by, the forward-looking statements.  
You should understand that forward-looking statements are not guarantees of results or outcomes.  New risks 
and uncertainties arise from time to time, and BTCC can not predict those events or how they may affect 
you. Except for any ongoing obligations to publish or disclose material information or as required by law, BTCC 
does not have any intention or obligation to update forward-looking statements after the date these slides are 
presented to you. The use of these slides and the information set forth herein is at the user’s sole risk. BTCC 
disclaims all warranties of any kind, whether express or implied, including, but not limited to implied warranties of 
merchantability, fitness for a particular purpose, title and non-infringement, quiet enjoyment, accuracy, 
integration, completeness, or timeliness as well as all warranties arising by usage of trade, course of dealing, or 
course of performance. No advice or information, whether oral or written, obtained from BTCC or through these 
slides shall create any warranty not expressly made herein. Some jurisdictions do not allow the exclusion of 
certain warranties. Accordingly, some of the above exclusions may not apply to you.
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closingclosing Thank you

Brian Vitalis

508-854-4015

bvitalis@babcockpower.com
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Xavier Dorai

219-924-8140

xdorai@babcockpower.com


