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REVISION SUMMARY

Doc. No. Revision Date Description

1 Purpose

This document formally establishes the design and performance requirements for the supply of a
Thermatrix flameless thermal oxidizer system (FTO) consisting of one (1) ES-100 oxidizer to the Lyondell
Equistar, Newtown Square, PA to treat volatile organic compound (VOC) emissions.
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2 References

Process Specification Form, dated April 23, 2002

Thermatrix Proposal 02302, dated May 6, 2002

Thermatrix Proposal 02302FB, Rev. 1, dated October 7, 2002

Lyondell Purchase Order No. 4400380679LY dated December 11, 2002

3 Project Background

The purpose of this project is to design and build an ES-100 FTO system. The system will thermally treat
volatile organic compound (VOCs) emissions generated from a pilot plant in the Lyondell Equistar
Newtown Square, PA site. VOCs include propane, propylene, methanol, propylene oxide, and others. The
system will be located indoors in a Class |, Division 2, Group D electrical area classification.

4 Project Scope

Thermatrix will be responsible for the following project activities:

Project management including site meetings.

e Crating and preparation for shipment.

¢ Pre-assembly and mounting of fume and air trains.

¢ Pre-wiring of control panel and pre-ship functional check.

s Programmable logic controller programming.

e Wiring of mounted instruments, valves and motors to control panel.
Lyondelt will be responsible for the following project activities:

e Shipping to jobsite (arranged by Thermatrix and reimbursed by Buyer).

Unloading and temporary storage.

o Site preparation including civil and foundation preparation.
» Installation of oxidizer system skid on foundation.

¢ Installation of oxidizer vessel on skid.

e Emissions or performance testing.

This document contains proprietary information which is to be held confidential and may not be disclosed to
others in whole or in part without the prior written consent of an officer of Thermatrix Inc.
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5 Equipment Supply Scope

Thermatrix is to design and provide all the components for a thermal oxidation system to be installed at
the Lyondell Equistar Newtown Square, PA. Site. The scope is depicted on the Thermatrix piping and
instrumentation diagrams (P&ID) 4172-P40-01, Rev. A. The Thermatrix FTO will consist of the following
equipment:

» ES Oxidizer with preheaters, refractory, thermowells, thermocouples, and ceramic media;

¢ Dilution Air Blower with Inlet Filter, a spare second blower is to be provided,;

o Control Panel with PLC controls, pre-wiring of panels with pre-ship wiring functional check;

o Power Panel with motor starter and heater power controllers, pre-wiring of panels with pre-ship wiring
functional check;

e Stack extending 35 feet from the skid base;

e Piping, Valving, Instrumentation;

o Deflagration Arrester with thermocouple;

e Spare oxidizer thermowell with thermocouple;
e  Structural Skid mounted system.

Lyondell will supply the following equipment:

e Ladder and platform for access to stack sampling ports.
6 Process Description

VOC fumes, nitrogen, carbon dioxide, and water vapor are emitted from a pilot plant. The “Hydrocarbon
Vent Stream” is piped to the FTO system. The fume stream is combined with dilution air and is sent to the
oxidizer under positive pressure.

The Thermatrix flameless oxidation process is based on a patented matrix that enhances the oxidation
process. The matrix is a carefully designed volume of inert ceramic media selected for its thermal
properties. Equipment and instrument tag numbers may be found on Piping and Instrumentation Drawing
4172-P40-01. The design flow rates for the thermal oxidation system are shown on Process Flow
Diagram 4172-P30-01.

The tie point for the fume collection system is at the edge of the Thermatrix system skid. The fume enters
the ES-100 skid through an air operated block valve and the flow is indicated with a rotameter. The fume
is directed to the bottom of the oxidizer. Dilution air is required to maintain the proper operating
temperature of the oxidization zone as well as to keep the operating limit of the system below the LFL.
This is automatically accomplished by maintaining a constant volume dilution airflow through the system.

This document contains proprietary information which is to be held confidential and may not be disclosed to
others in whole or in part without the prior written consent of an officer of Thermatrix Inc.
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A blower is used to supply this dilution air. The flow rate of air to the oxidizer is measured to provide local
indication. An air-actuated block valve is opened when the blower is energized.

The oxidizer shell is fabricated of carbon steel and lined with a refractory blanket that reduces the external
skin temperature suitable for the electrical area classification. The oxidizer has three internal vertical
protection tubes that house the heating elements. A single vertical thermowell in the bed is also provided.
The oxidizer contains randomly packed ceramic saddles that fill the oxidizer from the bottom to 12 inches
above the top of the protection tubes. During startup, the cold ceramic media is heated using the
electrically controlled heaters. The heaters operate during the run mode to enhance low BTU fume
streams. For the “Normal Case” basis the heaters are expected to operate at partial capacity as needed.
For the “Maximum Case” basis the heaters will be idling.

The gas mixture enters a nozzle on the bottom of the oxidizer and flows upward through the media. The
oxidation reaction takes place at the heated region of the ceramic bed. The oxidation occurs in an 8 to 12
inch zone and the temperature rises from the inlet temperature to the full operating temperature.
Hydrocarbons are oxidized to carbon dioxide gas and water vapor. Nitrogen and excess oxygen are also
present in the reaction products. The oxidation reaction generates heat, which is transferred and stored in
the media. The hot media then radiates heat back to the incoming gas mixture and sustains the oxidation
reaction. Above the reaction zone, the temperature of the media is at the operating temperature. The
upward flowing gas emerges from the media and into the oxidizer headspace, which is lined with
refractory blanket. A 12-inch nozzle exhausts the reaction products into a refractory lined stack that vents
to atmosphere.

7 Design Basis and Performance Criteria
7.1 Process Stream Design Basis
Lyondell supplied stream flow and composition data (Process Specification Form dated April 23, 2002)

provides the following instantaneous maximum design basis for the Newtown Square, PA site thermal
oxidizer system:

Flow rate Units Normal Fume Maximum Fume
Flow SCFM 1.6 2.0
Temperature °C 10 - 30 10 - 30
Relative Humidity % 1.5 0
Pressure (tie-point) IWG 24 30
Major components

Oxygen Ib/hr 0.48 0.42
Nitrogen Ib/hr 3.74 2.33
Carbon dioxide Ib/hr 0.02 0.004
Propane Ib/hr 4.5 10.0
Propylene Ib/hr 1.14 1.3
Methanol! Ib/hr 0.004 0.03
Propylene oxide Ib/hr 0.0001 0.0001
Hydrogen Ib/hr 0.01 0.00

This document contains proprietary information which is to be held confidential and may not be disclosed to
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The “Maximum Fume” listed above is the highest permissible safe fume loading for the thermal oxidizer.
Total oxidizer capacity to safely treat other chemical mixtures is dependent on the composite physical and
chemical properties of the mixtures. Thermatrix does not authorize the processing of other fume mixtures
or of mixtures which exceed the loading of the “Maximum Fume” case without thorough Thermatrix
review and written approval.

7.1.1 Performance Criteria

The oxidation system is guaranteed to destroy 99.99% of the Volatile Organic Compounds (VOC) in the
incoming fume stream or 1 ppmv per VOC in the oxidizer exhaust, whichever is less restrictive.

7.1.2 Other

Equipment provided by Thermatrix is warranted to be free of defects in materials or workmanship, under
normal and proper use, for a period of 12 months from initial operation of the product, or 18 months after
shipment, or 18 months from notice of readiness to ship, whichever first occurs.

Lyondell Equistar will be responsible for stack sampling to verify the system performance meets the
specifications.

The stack will be provided with two sampling ports (6-inch min.) with no access platforms to the ports.
Lyondell Equistar will be responsible for the regulatory mandated operational stack sampiing and analysis.

This document contains proprietary information which is to be held confidential and may not be disclosed to
others in whole or in part without the prior written consent of an officer of Thermatrix Inc.
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