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1. SCOPE

This specification defines the requirements for a highly flexible Carbon Fiber Semi-production
Line (CFSL). It is intended to be capable of producing various carbon fiber grades including
standard modulus commercial grades, intermediate modulus aerospace grades, and fiber grades
that are currently in development at both ends of the cost and performance spectrum.

The CFSL will be highly instrumented and capable of processing any of several kinds of
precursor fibers including those based on PAN, pitches, lignin, polyethylene, and rayon in tow,
nonwoven mat, or discontinuous, loose fiber form. It shall accommodate polyacrylonitrile (PAN)
tow sizes from 3k to 80k at 1.25 denier per filament (dpf). The line will be rated at >= 25,000 kg
of annual production, based on 24k PAN tows with 1.25 dpf and 6,000 annual operating hours.
The Seller will deliver a fully integrated line, including all ovens and furnaces; pre- and post-
treatment modules; conveyance and packaging equipment; tensioning and drawing equipment;
effluent treatment equipment; and data acquisition and control hardware and software. Data
acquisition and control will be centralized in a dedicated control center. The CFSL will be
installed in a new building that is currently in design. The Seller shall include equipment
installation in its proposal, as an option that may be selected or declined by the Company.

2. APPLICABLE DOCUMENTS

The current revisions of the following documents are incorporated by reference:

American National Standards Institute, Inc (ANSI)/National Fire Protection Association (NFPA)
70, National Electrical Code

ANSI A 13.1, Scheme for Identification of Piping Systems
American Society of Mechanical Engineers (ASME) Boiler and Pressure Vessel Code
ASME B31 Code for Pressure Piping

American Society for Testing and Materials (ASTM) C1055, Standard Guide for Heated System
Surface Conditions That Produce Contact Burn Injuries

National Electrical Manufacturers Association (NEMA) 250, Enclosures for Electrical
Equipment (1000 Volts Maximum)

Company Specification for Special Project 017144

Underwriters' Laboratories, Inc. (UL) 508, Standard for Industrial Control Equipment

UL 508A, Standard for Safety Industrial Control Panels

US 29 Code of Federal Regulations (CFR) 1910, Occupational Safety and Health Standards

3. REQUIREMENTS

3.1 SYSTEM REQUIREMENTS
The CFSL shall satisfy the following system requirements:
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>= 25,000 kg annual production capacity, based on 24k PAN tows with 1.25 dpf
Maximum line speed >= 1.5 m/min

Line width >= 300 mm

Tow size from 3k — 80k at 1.25 dpf

Tow band >= 24 tows for 24k or smaller tows, reduced tow count allowable for tow size
> 24k

Capability to process mat or loose fiber formats >= 300 mm wide

Availability >= 6,000 hrs/yr

The CFSL shall be designed to handle the worst case loads (e.g., gas evolution rate) from
PAN, pitch, or rayon fibers. It shall additionally be designed for loads from lignin or
polyethylene based on effluent estimates in Attachment ORNL-CFTC-2010CFL01-5.
The CFSL shall operate as a fully integrated system with central computer control and
data acquisition.

The data acquisition and control system shall prevent unauthorized access to restricted
information.

The CFSL shall provide all required capabilities within the facility constraints described
in Section 3.9.

The CFSL design, operation, and maintenance shall be fully documented as specified herein. All
documentation shall be provided in English.

The Seller shall submit with its Proposal a summary of overall system design and performance
parameters demonstrating that it satisfies the system requirements.

3.2 GENERAL EQUIPMENT CONFIGURATION AND LAYOUT

The general CFSL configuration is illustrated in Figure 1 and Figure 2 and shall include the
following equipment modules:

Spooled precursor creel

Baled precursor feed station

Bulk material feed station

Pre-treatment system

Drive unit

Tow oxidation ovens, with drive units after each of the first three thermal zones
Drive unit after tow oxidation ovens

Parallel to the tow oxidation ovens will be a bulk materials oxidation oven
Low-temperature (LT) carbonization furnace

. Drive unit

. High-temperature (HT) carbonization furnace

. Drive unit

. Surface treatment unit including washing and drying
. Drive unit

. Tow band spreading unit

. Size application unit including drying

. Drive unit

. Take-up winding station

. Bulk packaging station
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In addition to the above in-line equipment, other essential equipment includes a regenerative
thermal oxidizer, thermal oxidizer, and control and data acquisition system. All equipment and
software shall be fully integrated and optimized to function as a single system with single-point
operational control.

Bales

Precursor
Drive Pre- Drive R Drive
Creel Unit Treatment Unit Tow Oxidation Ovens Unit
Unit
| t
| |
| | Bulk Material
| — . | u aterials
Melt Spinning Unit ~ © _ _ _ _ _ _ _ _ . N
: (Not in Scope) :— Oxidation Unit
| |
| |
T T )
Bulk Materials
Feed Unit
Bulk Material
Collection
A High Low
Winders Drive A ?;;:%n & ;O‘r’\é:;ir;d Drive ISurface Treatment & Drive Temperature Drive Temperature
Unit PPl . preacing Unit Washing Unit Unit Furnace Unit Furnace
Drying Unit Unit
Figure 1. General CFSL equipment configuration.
Input Output
pu — Zone 1 Zone 2 Zone 3 Zone 4 Zone 5 Zone 6 e P
Materials Materials
Atmosphere Atmosphere Atmosphere
#1 #2 #3

Figure 2. Bulk material oxidizer configuration.

The equipment layout shall include space for a portable creel (Section 3.3.1.1) or winder
(Section 3.3.7.1) column to be positioned immediately after any of the oxidation ovens,
carbonization furnace, or surface treatment unit. The Seller shall submit with its Proposal a
description and footprint layout of the entire CFSL, including plan and elevation layout
drawing(s), and the assembled equipment weight as well as the weight of each separate
component. Updates shall be provided with the Design Approval Data, Advanced Engineering
Data, and Certified Data submissions.
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3.3 PROCESS EQUIPMENT

All major production line equipment is described in this section. The Seller shall submit with its
Proposal a basic description and specification of all equipment. Updates shall be provided with
the Design Approval Data and Certified Data submissions.

3.3.1 Fiber Feeding Stations

Continuous tows shall be fed from spools on a creel or boxes on a mezzanine. Mats or loose
fibers shall be fed from a bulk material feed system.

3.3.1.1 Creel

The creel shall have fixed spindles to handle the maximum number of tows for spools of
precursor fiber up to 25 kg/spool on large cores. It shall be arranged in vertical columns of four
spools, e.g., for a 24-tow line the creel will have six columns of four spindles each. The creel
shall be outfitted with adjustable “limiters” that are initially positioned to limit the maximum
fiber spool size to that of a 20 kg spool. The creel shall also have spindles for at least 13 spools
with 90 mm cores, arranged approximately horizontally (modest angle to horizontal is allowable
to optimize tow payout) and positioned above the large-spool array. Additionally, there shall be a
portable column of four spindles that can be positioned at the creel station or immediately before
any of the oxidation ovens, carbonization furnaces, or surface treatment unit. Every creel spindle
shall be equipped with a back-tension brake. Brakes, controls, and speeds shall be compatible
with those of drive units and take-up winding equipment.

3.3.1.2 Baled Tow Feed Station

Large tow may be fed to the line from 500 — 1,000 kg bales on a mezzanine to be located above
the creel. The feed mezzanine platform shall be 6 m wide x 7.5 m long, positioned with the long
dimension parallel to the line’s fiber flow direction. The mezzanine shall be accessible via
standard stairs that shall be positioned parallel to the mezzanine’s long dimension, on the side
nearest the building exterior wall. Its height shall be sufficient to provide adequate space above
the creel for creel loading and maintenance, as well as lighting, fire protection equipment,
piping/tubing, wiring/cabling/conduit, and ductwork that may need to be supported from the
mezzanine structure. The mezzanine floor level shall not exceed 6 m above the process floor.
The mezzanine shall structurally support loads up to 12 kPa (250 psf). Railing and stairs shall
conform to Occupational Safety & Health Administration (OSHA) standards. There shall be a
gate at the bottom of the stairs, equipped with a locking mechanism that is interfaceable with the
building’s access control system.

3.3.1.3 Bulk Fiber Feed Station

The CFSL shall be equipped with a bulk fiber feed station that directly feeds the bulk material
oxidation oven (Section 3.3.3.2). The feed station shall include means for feeding both non-
woven mat and loose fibers to a moving mesh belt for conveyance through the oxidation oven.
Non-woven mat dimensions shall be ~ 600 mm (2 feet) in width and ~12 mm (0.5 inch) in depth.
The bulk material oxidizer shall be in-line with a melt spinning unit that has the capability to
produce 600 mm wide spun-bond material. Therefore the mat and loose fiber feed systems shall
be positioned so as to not interfere with direct feed from the melt spinner, or shall be readily
moved or removed. The mesh belt shall extend at least 2 m out of the bulk oxidizer at the
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upstream end, with at least one side of the belt readily accessible for manual loading and for
observation of automatic fiber loading operations.

3.3.2 Pre-Treatment System

The pre-treatment system shall include appropriate thread guides (eyelet condenser boards), fiber
guide system for bale feed, steam stretching station, precursor moistening unit, and tow band
forming combs. The steam stretching station shall be operable with saturated steam at
atmospheric pressure.

3.3.3 Oxidation Ovens

The CFSL shall be equipped with parallel oxidation oven systems for tows and bulk material
forms. All oxidation ovens shall be equipped with deluge water systems for quenching process
excursions, i.e., runaway exotherms. The deluge system shall not be part of the building fire
protection system, rather it shall be a process system that receives commands from the line
control system.

3.3.3.1 Tow Oxidation Ovens

Tow oxidation ovens shall be rated for >= 400°C continuous operation, with six independently
controllable thermal zones. The ovens shall be designed and configured to enable evaluation of
the effects of various parameters including temperature, air velocity, and air flow direction.
Temperature shall deviate from the set point by <= 5°C throughout the heated volume of each
thermal zone when a full-width tow band of standard modulus, commercial grade 24k PAN tows
is running at standard line speed®. Target residence time shall be 90 minutes at standard line
speed. Materials of construction and off-gas removal system shall be compatible with effluents
from PAN, pitches, lignins, polyethylene, and rayon. The top thermal zone in the first oven stack
shall be compatible with sulfur-containing exhaust from sulfonated polyethylene precursor
fibers. Other thermal zones are not required to be compatible with sulfurous exhaust gases.
Effluents from the conversion of lignin- and polyethylene-based precursors are estimated in
Attachment ORNL-CFTC-2010CFLO1-5.

3.3.3.2 Bulk Materials Oxidation Oven

The bulk materials oxidation oven shall be rated for >= 600°C continuous operation, with Six
independently controllable thermal zones. It shall have three gas flow zones in which gas flows
and atmospheric composition can be independently controlled. Each gas flow zone will comprise
two thermal zones. The Seller shall recommend the gas flow configuration, providing the basis
for its selection, in its Proposal. Conveyor width shall be >= 600 mm and heated length shall be
~ 6 m. Residence time shall range from <= 10 minutes to >= 4 hours. Temperature shall deviate
from the set point by <= 5°C throughout the heated volume of each thermal zone at standard gas
flow conditions, with no material in the oven. Materials of construction and off-gas removal
system shall be compatible with effluents from PAN, pitches, lignins, sulfonated polyethylene,
and rayon. Effluents from the conversion of lignin- and polyethylene-based precursors are
estimated in Attachment ORNL-CFTC-2010CFL01-5.

! Standard line speed is that which delivers rated throughput of baseline material



EQUIPMENT SPECIFICATION (CONT.) SPECIFICATION NO. ORNL-CFTC-2010CFLO01 PAGE 9 of 36

3.3.4 Carbonization Furnaces

The CFSL shall be equipped with LT and HT carbonization furnaces. Each of these furnaces will
be capable of carbonizing materials in both tow and bulk material formats.

3.34.1 LT Furnace

The LT furnace shall be rated for >= 1,000°C continuous operation, with four independently
controllable thermal zones. Temperature shall deviate from the set point by <= 1% at standard
gas flow conditions, with no material in the furnace. The controllers shall be synchronized in a
master-slave configuration such that in zones 2 — 4, the temperature control is relative to the
temperature of the preceding zone. Target residence time shall be 90 seconds at standard line
speed. Materials of construction and off-gas removal system shall be compatible with effluents
from PAN, pitches, lignins, polyethylene, and rayon. Effluents from the conversion of lignin-
and polyethylene-based precursors are estimated in Attachment ORNL-CFTC-2010CFLO1-5.

The LT furnace shall be designed to enable carbonization at 600°C followed by steam or CO,
treatment at 1,000°C. Thus it requires appropriately located ports for steam and CO; injection,
and materials of construction shall be compatible with steam and CO, at 1,000°C. Estimated
maximum steam and CO; injection rates are both <= 50 kg/hr at atmospheric pressure. The steam
shall be saturated and the CO, will be at approximately room temperature.

3.34.2 HT Furnace

The HT furnace shall be rated for >= 2,000°C continuous operation, with six independently
controllable thermal zones. Temperature shall deviate from the set point by <= 1% at standard
gas flow conditions, with no material in the furnace. The controllers shall be synchronized in a
master-slave configuration such that in zones 2 — 6, the temperature control is relative to the
temperature of the preceding zone. Target residence time shall be 90 seconds at standard line
speed. Materials of construction and off-gas removal system shall be compatible with effluents
from PAN, pitches, lignins, polyethylene, and rayon.

3.3.5 Post-Treatment System

The post-treatment system consists of surface treatment and size application units. Each unit
shall be covered by a durable, transparent enclosure with ~100 mm diameter, 150 mm exhaust
port in the top, for attachment to an exhaust system to create a negative pressure enclosure. All
rolls shall be positioned inside the enclosures, which shall have sides extending below the bath
liquid levels. Enclosures shall be easily removable or equipped with hinged doors to provide
ready access to the enclosed units.

3.3.5.1 Surface Treatment Unit

Fiber surface treatment shall be conducted in a standard single-stage electrolytic surface
treatment module that includes fiber washing and drying capabilities. It shall be designed to
include a removable basin for containing spillage, overflow, and leakage, with capacity to
contain the entire liquid volume of the surface treatment bath. A spare basin shall be provided.

The Seller shall detail in its Proposal the types and concentrations of electrolyte that can be used,
the surface treatment residence time, and the fiber drying method.
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3.3.5.2  Size Application Unit

Size application shall be conducted in a conventional submerged “kiss-roll” size application unit
that includes drying capabilities. It shall be designed to include a removable basin for containing
spillage, overflow, and leakage, with capacity to contain the entire liquid volume of the size
application bath. A spare basin shall be provided. If they are designed to be interchangeable, the
same basin can serve as the spare for both the surface treatment and size application units.

The Seller shall detail in its Proposal the size application residence time and the drying method.
3.3.6 Materials Handling and Conveyance
3.3.6.1 Tow Conveyance

The tow conveyance system shall be designed to minimize damage to the fibers, especially those
in small tow formats. All rollers shall have hard surfaces and mirror finish. Tow or fiber abrasion
and pinching shall be minimized.

A tow band spreading unit shall be located between the surface treatment and size application
units. The oxidation ovens, carbonization furnaces, surface treatment unit, and size application
unit shall all be equipped with a tow band bypass to enable bypassing selected unit operations
without shutting them down.

3.3.6.2  Tow Tensioning and Drawing

The CFSL shall be equipped with drawing and/or tensioning capabilities with a wide range of
tension and draw control. General drive unit arrangement for the line is shown in Figure 1.
Exceptional draw control shall be provided in the oxidation system. Draw control hardware in
oxidation is illustrated in Figure 3.

Independently Controlled Rolls

Fiber from Tension Draw Draw
the Pre-treatment Unit =i Control Zone #1 Control Zone #2 Control Zone #3
or the Creel unit Unit Unit
Tension Tension .
Control Zone#4 Zone #5 Zone #5 Control [ FibertothelT
Z Furnace
unit unit

W

Synchronously Controlled Rolls

Figure 3. Draw control hardware layout in oxidation ovens
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In Figure 3, drive units labeled as “tension control” shall be serpentine drives and drive units
labeled as “draw control” shall be delta or omega drives. The Seller shall recommend the number
of rolls for each unit to deliver the required drawing range and precision. Passback rolls at the
entrant end of each oxidation zone shall be driven, with independent control in zones 1 — 3 and
synchronous control in zones 4 — 6.

Tension and/or draw ranges required at the various production line positions are shown in
Table 1. The Seller shall recommend in its Proposal the type of drive unit and its number of rolls
at each position for which that information is not specified herein.

Table 1. Tow drawing and tensioning values

Location IFD{;%V(\)I Tension Tolerance T\o/\gl/:;i'g?]w
Pretreatment 1-5X
Oxidation Zone #1 0.5-5X
Oxidation Zone #2 0.5-5X <0.5%
Oxidation Zone #3 0.5-5X of the set
Oxidation Zones #4 - 6 0.5-5X value <1.0%
LT Furnace 0.5-2X
HT Furnace 0.5-2X
Surface Treatment <=80 N/tow | <1.0% of
Size Application <=80 N/tow | full scale

3.3.6.3  Bulk Materials Conveyance

The bulk materials conveyance system shall include means for feeding both mat and loose forms
of discontinuous fibers to the conveyor at the entrance to the bulk oxidizer (Section 3.3.1.3) as
well as to both carbonization furnaces. The bulk materials conveyance system shall also have a
means of collecting those products at the exit of the bulk oxidizer and each carbonization
furnace.

In the bulk material oxidizer, the conveyor shall be >= 600 mm wide. The stabilized mat will
either be slit into two 300 mm (1 foot) wide mats or folded into a roughly 300 mm (25 mm deep)
mat for further thermal processing through the conversion line, as a mat, using the bulk transport
systems. The mat slitter or folder shall be furnished by the Company. The mat shall be slit or
folded before collection for transport to the LT furnace. The Seller’s Proposal shall be based on
manual transport of mat and loose fibers between the oven and furnaces, but should include an
option for automatic bulk material conveyance (no manual material transfer needed) through the
entire production line.

The bulk material conveyor shall be approximately the same width as the maximum tow band
width in the carbonization furnaces. There shall be means for feeding materials in both mat and
loose fiber formats to the inlet and collecting them at the outlet of both carbonization furnaces.

The bulk material conveyor shall be removable from the carbonization furnaces. The furnaces
shall be capable of properly carbonizing tows with the bulk conveyor either installed or removed.
If the bulk materials conveyor temperature rating is below that of the HT furnace, then that
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furnace shall be interlocked so that it can be operated at temperature above the conveyor’s rated
temperature only when the conveyor has been removed.

Bulk conveyance shall be provided through the post-treatment system. It is allowable to design
the post-treatment system such that the bulk conveyor must be removed for tow operations,
provided that the removal or installation of the bulk conveyor can reasonably be accomplished
by a skilled two-person crew working one eight-hour shift. Bulk material conveyance shall be
provided to the bulk packaging station.

3.3.7 Packaging Stations
Packaging stations will be provided for all types of fibers in all formats.
3.3.7.1  Take-Up Winders

A take-up winding station shall have one stationary, mechanical winder for each tow.
Additionally, there shall be a portable column of four fully electronic winders that can be
positioned at the winding station or immediately after any of the oxidation ovens, carbonization
furnaces, or surface treatment unit. The winders shall be compatible with 10 kg spools with 89
mm hard paper core or soft paper pull-out cores (for center-pull packages).

The winder base speed range will be from <= 0.5 to >=2.5 m/min with automatic compensation
for spool diameter growth. The winders shall be capable of delivering >= 5 m/min, however gear
changeout is acceptable, if required, to reach the upper end of the required speed range. Speed
control precision shall be <= 1% of the speed setting.

The winders shall be enclosed in a durable, transparent enclosure with hinged access doors and
two ~100 mm diameter,150 mm exhaust ports in the top (one on each end), for attachment to an
exhaust system to create a negative pressure enclosure.

3.3.7.2  Bulk Packaging Station

A bulk packaging station shall be provided on a mezzanine situated above the take-up winding
station. The packaging mezzanine shall be 6 m wide x 6 m long. The mezzanine shall be
accessible via standard stairs that shall be positioned parallel to the production line, on the side
of the mezzanine nearest the building exterior wall. Its height shall be sufficient to provide
adequate space above the creel for creel loading and maintenance, as well as lighting, fire
protection equipment, piping/tubing, wiring/cabling/conduit, and ductwork that may need to be
supported from the mezzanine structure. The mezzanine floor level shall not exceed 6 m above
the process floor. The mezzanine shall structurally support loads up to 12 kPa (250 psf). Railing
and stairs shall conform to OSHA standards. There shall be a gate at the bottom of the stairs that
can be equipped with an electronic locking mechanism that is interfaceable with the building’s
access control system.

The bulk packaging station shall provide means for packaging mat products. Means for
packaging loose fiber products and bulk packaging of tows shall be offered as optional items.

3.3.8 Effluent Treatment

The Seller shall supply equipment to treat all off-gases and other effluents requiring treatment
before discharge into the environment. This shall include a regenerative thermal oxidizer and
non-regenerative thermal oxidizer to treat off-gases from the conventional production of PAN-
based carbon fibers, and stack(s) for exhausting gases to the atmosphere. The off-gas treatment
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system shall also treat off-gas from the conversion of fibers based on pitches, rayon, lignin, and
polyethylene. It shall include provisions for the future addition of scrubbers for treatment of
sulfur-containing off-gases from polyethylene fibers. Estimated off-gas loads from the
conversion of lignin- and polyethylene-based precursors are documented in Attachment ORNL-
CFTC-2010CFL01-5.

The Seller shall provide estimates of the size and weight of effluent treatment devices in its
Proposal, as well as structural loads associated with their support. It shall also provide that data
as well as estimated effluent discharges from the treatment module with the Design Approval
Data.

3.3.9 Interconnecting Hardware

The Seller shall design and/or specify all hardware for interconnecting utility distribution points,
production line equipment, instrumentation, control and data acquisition system, effluent
treatment equipment, and effluent discharge points. This includes all process exhaust ductwork;
enclosure exhaust ductwork; process and utility piping; electrical wiring and cabling; and
instrument wiring, cabling, and tubing. The Seller shall also design and/or specify all structures
required to support the aforementioned interconnecting hardware. A summary list of
interconnecting hardware and associated support structures shall be submitted in the Proposal.
Preliminary design data shall be submitted with the Design Approval Data, and final design
documentation with the Advanced Engineering Data and Certified Data.

The interconnecting hardware and associated structural support hardware shall be furnished and
installed by the Installer.

3.3.10 Permanent Access Equipment

Permanent platforms, ladders, etc. needed for maintenance and operations access to the process
equipment described in Section 3.3 shall be supplied by the Seller. A list of access equipment
and the process equipment for which it provides access shall be submitted in the Proposal, and its
preliminary design shall be submitted with the Design Approval Data.

3.4 INSTRUMENTATION

The CFSL shall be highly instrumented A general instrument list is provided in Table 2. Other
instrumentation shall include a pH meter in the surface treatment bath, collected length
measurement on all take-up winders, and weight scales at the bulk packaging station. All
instruments shall be digital and interfaced to the data acquisition system. Where applicable,
measurement error is included in the control tolerances specified in Section 3.3.

Table 2. General instrument listing

Unit Tension Draw | Conveyance | Residence | Flow Power
. Temp. | (tow band . .
Operation ratio speed time rate demand
mean)
Creel No Out No Out No No Yes
Bulk feed No No No Yes No No Yes
Pre-treatment In,C?rut, In, out Yes In, out Yes Steam Yes
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Unit Tem (t-(r) S\?f)l:rr: d Draw | Conveyance | Residence | Flow Power
Operation b- ratio speed time rate demand
mean)

In, out In, out Ever Al Ever

Tow oxidation | 5/zone every Yes ’ Y every y
every zone zone zone

zone zone

Al Ever

Bulk oxidation | 3/zone No No Yes Yes every zoney

zone

LT furnace 2/zone In, out Yes In, out Yes N2, all Every
ports zone

N2, all Every

HT furnace 2/zone In, out Yes In, out Yes oorts Z0ne
ST bath 3 In No In Yes No No
ST dryer In,C?rut, Out No Out Yes No Yes
Size bath 3 In No In Yes No No
Size dryer In’C?rUt’ Out No Out Yes No Yes
Winder No In No In No No Yes
Bulk . No No No Yes No No Yes

packaging

Temperature monitors are assumed to be thermocouples unless otherwise specified by the Seller.
All thermocouples shall be mounted in instrument ports or similar fixtures enabling quick and
easy replacement by one person. Locations of temperature monitors are defined in Table 3.

Table 3. Locations of temperature monitors

ID Axial® Height Transverse?
s 1 Inlet Above top tow Center
B Every 2 L/4 Below bottom tow Right edge
g | thermal 3 Center Center Center
z zone 4 3L/4 Above top tow Left edge
= 5 Exit Below bottom tow Center
5 1 Inlet Above conveyor Center
s Every 2 L/4 Above conveyor Right edge
S | thermal 3 Center Above conveyor Center
= zone 4 3L/4 Above conveyor Left edge
- 5 Exit Above conveyor Center
= § 1 Center Below tow Center
£ Zone 1 . -
T 2 of zone Above tow W/4 right side

% L represents heated length of zone, so e.g., L/4 position is ¥4 of heated length from inlet position. Likewise W

represents heated width and W/4 is ¥ of heated width from reference edge.
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ID Axial® Height Transverse?
1 Below tow Center
Zone 2
2 Above tow Left edge
1 Above tow Center
Zone 3 .
2 Below tow Right edge
1 Above tow Center
Zone 4 .
2 Below tow W/4 left side
1 Above tow Center
Zone 1 . -
2 Below tow W/4 right side
1 Below tow Center
Zone 2 -
2 Above tow W/4 left side
§ Zone 3 1 Above tow _Center
g 2 Center Below tow Right edge
T of zone
= Zone 4 1 Below tow Center
I 2 Above tow Left edge
1 Above tow Center
Zone 5 -
2 Below tow W/4 left side
1 Below tow Center
Zone 6 - -
2 Above tow W/4 right side
I~ 1 Inlet Same height as #2 Center
wn
o Bath 2 Center Above tow Center
@ Exit Same height as #2 Center

Effluent monitoring ports shall be included in the exhaust ducts from all ovens, furnaces, and
thermal oxidizers, to readily enable future addition of effluent monitoring.

The Seller shall include in its Proposal a complete list of instruments, including type and
accuracy data for each instrument. Instrument specifications shall be included in the Design
Approval Data. Piping and instrumentation diagrams (PIDs) shall be included in the Advanced
Engineering Data, including the dimensioned interface locations in plan and elevation. All final
instrument design information shall be documented in the Certified Data.

All ovens and furnaces shall be equipped on both sides with digital temperature displays that are
easily readable from the floor, that are programmed to indicate deviation from the temperature
setpoint at the center of each thermal zone. The control system shall be programmed to block
display of absolute data on these temperature displays.

3.5 DATA ACQUISITION AND CONTROL SYSTEM

The Seller shall supply all data acquisition and control capabilities for the entire operation of the
equipment. The Seller shall submit in its Proposal a description of data acquisition and control
hardware, software, capabilities, features, operational modes, and options.
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3.5.1 Operator Interface

The operator interface shall be a digital computing platform with user-friendly Graphical User
Interface (GUI) and data acquisition/control software. A common GUI and code shall be used for
every control station, enabling operators to control all hardware and access all data with
knowledge of only one interface protocol. The operator interface shall require minimal training
for operators that are moderately proficient users of Mac or IBM-compatible computers. The
control and data acquisition system shall communicate with operators via English language and
Arabic numerals.

3.5.1.1 Control Center Hardware

The control system shall utilize current state-of-the-art control hardware with large, flicker-free
displays. It shall include sufficient data storage capacity to store at least a 30-day data log for the
system, with capability to regularly backup the data to a secure, remote data storage center. It
shall have Universal Serial Bus (USB) ports and Digital Video Disc-Read Only Memory (DVD-
ROM) drives that are accessible only to authorized system administrators.

Input devices shall include keyboard, mouse, touchpad, and/or joystick, all of which shall be
ergonomically designed.

Output devices shall include high resolution digital printers with photographic image quality.
All computer hardware shall be readily upgradeable.

The Seller shall provide a summary specification of the computer hardware in its Proposal and in
the Design Approval Data.

3.5.1.2 Process Floor Consoles

Operator consoles shall be provided on the process floor in the creel, pre-treatment, oxidation,
carbonization, post-treatment, and packaging areas. Authorized personnel shall be able to access
all control functions and data, for which they are authorized, at any console on the process floor.

The Seller shall describe the process floor consoles and their locations in its Proposal and in the
Design Approval Data.

3.5.1.3 Computer Software

Control software, together with the operating system, shall provide the following capabilities:

e Controlled access to control functions and data, limited to authorized personnel only,
with different access levels for different personnel
Fast entry to “sleep” mode upon operator command (rapidly terminates data display)
Resume data display mode upon command by authorized personnel
Automated start-up and shutdown of all equipment
Programmable or manual control of all controlled process parameters in all CFSL
equipment, including scram, constant rate of change, and defined time-parameter profiles
e Select displayed units (e.g., meters-kilograms-seconds, feet-pounds-seconds, etc.)
e Deluge water control

Data acquisition software, together with the operating system, shall provide the following
capabilities:
e Store run ID, precursor data, etc.
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e Store operator ID’s

e Log operator inquiries and commands

e Log specific measured parameter data at specified time intervals

e Log all measured parameter data at specified time intervals >= 10 seconds

e File password protection

e Data compression

e Network connection with password-protected web interface for system monitoring by
authorized personnel; NO ability to control via web interface

e System alarm remote notification (e.g. call one or more designated phone numbers)

e Backup of specified data at specified time intervals

The Seller shall include in its Proposal and in the Design Approval Data a tabulated description
of data acquisition and control functions.

3.5.2 Data Security
See Section 3.6.
3.5.3 Diagnostics

The data acquisition and control system shall be furnished with maintenance test circuits that will
assist in isolating any failure to a particular system function. The test circuits can be any
combination of switches, diagnostic boards, visual indicators, and/or test programs. All test
circuits and test programs shall be documented in the Certified Data.

3.5.4 Operator Messages

The data acquisition and control system shall display prompts and error messages at the
operator’s control panel. The system shall enable printing and electronic storage of displayed
messages. A list of prompts and error messages with definitions shall be included in the
operation and maintenance manuals.

3.5.5 Low-Power Mode

The facility will be equipped with uninterruptible power. The data acquisition and control system
shall have a low-power mode that engages when it is on backup power. When on backup power,
the system shall perform only the essential control and data acquisition functions that are
necessary to conduct a safe shutdown, and to log and maintain critical data until the equipment is
safely shut down.

3.6 SECURITY

The CFSL shall be designed to control access to all restricted data. This is primarily detailed
equipment design data and process data.

There shall be no absolute data displays that are normally visible from the process floor,
mezzanines, or elevated positions along the walls (in case of future addition of observation
deck[s]). Visible displays that show deviation from a parameter set point (e.g., difference
between measured temperature and target temperature in a furnace)