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Disclaimer

This report was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor any agency thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal
liability or responsibility for the accuracy, completeness, or use-
fulness of any information, apparatus, product, or process disclosed,
or represents that its use would not infringe privately owned rights.
Reference herein to any specific commercial product, process, or
service by trade name, trademark, manufacturer, or otherwise does
not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government or
any agency thereof. The views and opinions of authors expressed
herein do not necessarily state or reflect those of the United States
Government or any agency thereof,




1. Overview of Present Work

This document summarizes work performed for the period 7/01/95 to 9/30/95 on
contract no. DE-FG21-94MC31384. Note that the previous progress report (made for
the period 4/1/95 to 6/30/95) actually reported results through 9/30/95. As a result, this
progress report will simply be an abbreviated version of that report. In this work, three
components will form the basis for design of a control.scheme for the Fluidized Bed
Gasifier (FBG) at METC: 1) a control systems analysis based on simple linear models
derived from process data, 2) review of the literature on fluid bed gasifier operation and
control, and 3) understanding of present FBG operation-and real world considerations.

Tasks accomplished during the present reporting period include: 1) Observation
of the FBG during the week of July 17 to July 21, 2) Suggested improvements to the
control of FBG backpressure and MGCR pressure, and 3) Data collection from FBG run
#11 and transfer of data to USC. |

II. Gasifier Run 11
Table 1 below summarizes the steady-state operating conditions for FBG run 11.

Coal Type Montana #7
Coal Feed rate 70 Ib/hr
Reactor Air flow 1025 scth
Convey Air 1600 scth

Steam flow rate 52 Ib/hr
Cone Nitrogen flow 0 scfh
Cone Steam 9 lb/hr
Nitrogen Underflow 300 scfh
Operating Pressure 425 psi

Table 1: FBG Run #10 Baseline Operating Condition

Note that during the initial part of the run, 50 scfh of cone Nitrogen was fed instead of
cone steam. The switch to cone steam was made part way through the run.

Table 2 summarizes the run 11 planned tests, and Tables 3 and 4 give the tests
that were made during the run. Note that the run covered two time periods, from July 16
to 22, and July 24 to August 8. The data from run 11 includes changes in reactor air,
coal feed rate, underflow N2 reactor steam, switch from cone steam to cone Nitrogen,

and switch from Montana #7 coal to coke breeze.
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Gasifier Operation and Control:

In operating and controlling the FBG a number of objectives must be met. They
are summarized below:

1. No clinkering

2. High carbon conversion

3. Meet targeted gas make

4. Meet targeted bed density

5. High gas heating value

6. Meet targeted Fuel/noncombustible mole ratio

7. Meet targeted mean bed temperature

8. Maintain HOC balances and inventories.

Presently all of these objectives and more are considered by operators during gasifier
operation. All inlet gas flow rates are flow controlled with simple PID-type controllers,
gasifier backpressure is controlled via a split range controller, and MGCR pressure is
controlled via a PID controller. The backpressure control is critical to steady operation of
the gasifier, as fluctuations in backpressure impact inlet gas flowrates and bed density.
More detail on backpressure and MGCR control is given in the next section. Typically
the maximum bed temperature is maintained by adjusting the air flow setpoint, gas
moisture content is maintained at 10% by adjusting the steam flow setpoint.

I1L. Backpressure and MGCR Control

Good pressure control is critical to successful operation of the FBG. Fluctuations in
gasifier pressure affect inlet gas flowrates, gasifier temperatures, and downstream
MGCR pressure. Over the last several gasifier runs, the FBG backpressure has been
controlled using a split-range automatic controller. Most of the time this controller
maintains the pressure within plus or minus 5 psi of setpoint. However, frequently the
controller overreacts and the pressure swings dramatically. If the operator does not take

the proper intervention steps immediately, the pressure swings will ultimately shut down
the gasifier.

This section identifies several sources of problems with the present pressure control
system and then suggests modifications to the present scheme.




i. Problems with the present control scheme

Below are summarized some of the major problems with the present backpressure
controller.

1. Split-range control scheme: A large valve and a small valve operating in parallel are
manipulated in order maintain desired FBG pressure. The small valve opens first to
control pressure at low to moderate make-gas flowrates, while the large valve remains
closed. At high make-gas flows, the small valve is open completely, and the large
valve is manipulated to maintain pressure. At the operating condition used in the first
four days of 95FBG11, the make-gas flow was such that the split-range controller
operated at the crossover point from the large valve to the small valve (that is, the
large valve closed, the small valve open). One can not expect good control in this
region.

2. Interactions with the MGCR pressure controller: The MGCR pressure fluctuates due
to a large dead time between the upstréam valve and the vessel pressure (V-100).
Fluctuations in the valve controlling the MGCR pressure (PV-254) affect the
backpressure controller.

3. Upstream disturbances: The inlet gas flow controllers interact with the backpressure.
Changes in inlet gas flowrates will affect gasifier pressure. Similarly gasifier pressure
will affect inlet flow of gases. Most of the time when the gasifier backpressure
cycles, so do the inlet gas flows.

4. Controller tuning: Optimal controller tuning parameters will change as the operating

condition changes. For example, one would expect markedly different tuning
parameters in the backpressure controller under conditions where the large valve is
adjusted than under conditions where the small valve is being adjusted. In one
observed instance, the backpressure loop was swinging rather dramatically. The
operator on duty intervened by simply putting the controller in manual and
maintaining a constant valve position. Almost immediately, the backpressure
stabilized. This points to poor controller tuning.




S. Buildup of solids at the control valve: There is evidence to suggest that fine solids
particles are accumulating just upstream of the control valve. In one case,
backpressure was oscillating continuously with increasing amplitude. Finally, the
pressure swings were large enough to force solids out of the gasifier and into the
incinerator (and damaging the incinerator). After this ‘burp’ gasifier control was very
good for a long period of time.

ii. Suggested modifications to backpressure and MGCR pressure controllers.

The following modifications are suggested in order to eliminate backpressure control
problems:

A. Backpressure controller

1. Replace the split-range configuration with the following: Two valves placed in
parallel (similar to the present configuration). One valve should be tied to a PID
controller and will directly control FBG backpressure. This valve should be sized to
cover the range of desired operating conditions. A second, larger valve will be used
to let down system pressure quickly. This valve can only be manipulated manually or
through a safety override. With this configuration, under normal, steady operation of
the gasifier, the large valve will remain static and the controller will manipulate the
other valve to maintain backpressure.

2. Install a purge system to remove solids accumulation in the exit line.
3. Establish good controller tuning guidelines - how controllers should be tuned and who
should tune them. An autotuning facility available in most DCS’s should be most

useful.

B. MGCR pressure control

1. Implement a cascade control arrangement to reduce the large time lag between valve
V-254 and vessel V-100. In a cascade arrangement, an inner controller would control
the pressure just downstream of the valve V-254 or in the particulate removal vessel,




F-100. The outer or master controller maintains the pressure in V-100 by adjusting
the setpoint of the inner controller. The result is a control system that responds much
faster and rejects disturbances in upstream pressure.

C. Diagram of suggested backpressure and MGCR pressure control scheme.
Setpoint

"@r—— '
S

PV-254

| V-100
F-100

solids
solids I
Let down
Val
L -—'— —(H pv-713 alve 1
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Gasifier Manual control
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Figure 1 - Suggested FBG backpressure and MGCR pressure control scheme




IV. Data Collection and Transfer to USC

Data from the FBG run #11 has been collected by METC and transferred to USC
via a removable hard disk. The disk contains approximately 80 mb of data which will be
loaded onto the server at USC. In the next progress report, we will discuss FBG run #11

data in more detail and present a linear model of the gasifier derived from the data.




