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PBEST'™M & RBEST™

DEVELOPMENT
———————

« PBEST™ — Power Boiler
Enhanced Systems Technology

« RBEST™ — Recovery Boiler
Enhanced Systems Technology

 Owned by Add-On Energy 4, LLC
(AOE 4)

e Implemented by International
Applied Engineering, Inc. (IAE)

* Proprietary application of
fundamental research, know-how,
and equipment
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Gasification Program

Background

 Originally implemented in the forest
products arena

e Success led to pulp and paper
applications

» Benefits derived from gasification
operations resulted in broader
application of the program
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PBEST'M& RBEST™

PROGRAM APPROACH
———————

e Evaluate site specific characteristics

 Recommend systems technology
enhancements

* Provide direct quantifiable benefits
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Increased Minimized
Capacity Carryover
Improved Reduced
Availability Emissions
Thermodynamic Distributed
Damping Combustion
Increased Heat Flux
Responsiveness Control

Power Boiler Performance Enhancement

Optimization Capacity Increases
Operator Training Reliability Improvements

Maintenance Training Performance Improvements



PBEST™

PROGRAM CONSIDERATIONS
———————

e Biomass: moisture, heating value,
ultimate analysis, ash analysis

* Boiler steam capacity
* Plan area loading (grate heat release)

e Air distribution

- Primary air delivery

Secondary air delivery

Fuel feed spout air

Burner cooling air

Other air delivery and tramp air
» Windbox air pressures
e Controls & Instrumentation

 Fuel feeding and processing ;



PBEST™

PROGRAM BENEFITS
———————

* Improved environmental performance

 |Increased capacity

 Increased responsiveness

* Improved availabllity
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Increased Minimized
Capacity Carryover
Improved Reduced
Availability Emissions
Thermodynamic Distributed
Damping Combustion

Lowered TRS Heat Flux

Control

Recovery Boiler Performance Enhancement

Optimization Capacity Increases
Operator Training Reliability Improvements

Maintenance Training Performance Improvements



RBEST™

PROGRAM CONSIDERATIONS
———————

e Black Liguor: pressure, temperature,
dry solids, particle size, heating value,
and ultimate analysis

* Boiler steam capacity

e Air distribution
- Primary and secondary air delivery
- Fuel feed spout air
- Burner cooling air

- Other air delivery and tramp air
* Plan area loading
e Furnace height
» Water wash schedule

e Controls and instrumentation .



RBEST™

PROGRAM BENEFITS
———————

 |Increase capacity
e Improve environmental performance

e Improve availability

* Increase reduction efficiency /
reduce deadload

 Reduce washing outages



RBEST™

Program Evolution

e The “team” Is assembled in 1996

e [nitial development, 1996 — 1997

-Literature review

-Preliminary assessment
* Program design, 1998
» Test protocol development, 1998
* Implementation & Evaluation, 1999

« RBEST™ becomes commercially
avallable, 2000
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IAE
Implementation Team

PBEST™

Power Boiler Enhanced Systems Technology

Gary Elliott
PBEST Manager

Carl Linderoth Al Short Charles Humphrey IAE Staff
Principal Engineer Process Engineer Field Manager Support

RBEST™

Recovery Boiler Enhanced Systems Technology

Gary Elliott
RBEST Manager

Jack Clement Fred Marcinek Bo Oscarsson IAE Staff
Principal Engineer Field Manager Principal Consultant Support
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IMPLEMENTATION PROCESS

Site Assessment
O

» Data Collection
- Drawings and pictures
- Operating DCS data
- Upgrades and retrofit info
- Fan curves and motor data

- Fuel and ash analysis
* Interviews
* Dialogue

* Preliminary report
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IMPLEMENTATION PROCESS

Data Analysis
T —

* Supplemental data collection
 CFD model study

 Air systems design

 Boiler load / profile
 Circulation study

e Budget determination

» Value added calculations

e Client reviews and comments
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IMPLEMENTATION PROCESS

Final Recommendations
———————————————————————————

e Scope

e Task assignments
e Schedule

* Fixed budget

 Client review and approval
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IMPLEMENTATION PROCESS

Implementation
T —

e Report progress monthly
e Install during annual outage
e Check out and release for operation

e Startup and testing
- Test protocol
- Tuning and training
- Adjust operating conditions in steps
- Achieve stable operation
- Perform Certification Testing
- Instructions for continued operations

- Complete Certification Test Report
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