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Syngas Chemical Looping (SCL) Process for H, Production
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Summary of DE-FE0026334
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Objective: develop an advanced process automation
control architecture and imaging and optimization
sensor information for the OSU chemical looping

process

* Develop HLC-SMC control scheme for process
automation (OSU ECE)

* Establish sensor algorithm for high temperature ECVT
(Tech4lmaging)

* Integrate process performance parameters with
FocalPoint Optimization System (B&W)

* Prepare and test process control and optimization
concepts in 25 kW, sub-pilot test unit (OSU CBE)

Pilot Unit

OSU chemical looping technology: advanced solid and
gaseous fuel conversion process for H, and electricity co-
generation with in-situ CO, capture

Phase I: test control concept in an integrated sub-pilot test
unit at high temperature, reactive conditions

Phase II: demonstrate control conqeﬁt at commercially
applicable pilot scale test unit at high temperature, high
pressure, reactive conditions
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Sliding Mode Controller (SMC)

Advantage: State trajectory control, robustness |

Controller changes behavior as the state \y
trajectory crosses the surface \\

Exemplary mathematical form:

\_ %
X+a,x+ax=u,
u = -Msign(s), s=cx+x, a,,a,,M ,c-const /\

Two stages:

)

e Reaching mode: to get to the sliding
surface

e Sliding mode: reduced order motion on
the surface

Disadvantage: chattering =
* actuator wear-and-tear

e potential plant excitement

Utkin, V., "Variable structure systems with sliding modes," Automatic Control, IEEE
Transactions on , vol.22, no.2, pp.212,222, Apr 1977



Matlab simulation of a sliding mode
controller design for pressure control

e Control law: rate of valve opening change

dx
.u:—

dt
e S2 Controller:
e u=M, - sign(S,)
. 5, =2 _RR
dt
* RR = 1psi/min
e S3 Controller:
e u= M;-sign(Ss)
dP
* S3=—+(P—Py) K

* By = 30psig, K = %min_
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Phase Plane
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SCL Pilot Unit Pressurization/Depressurization

Ramp surface:
u=M, -sign(S,)

S _4p RR
27 dt

RR: Ramp rate
SS surface:
u = Mg - sign(Ss)
dP

SZ=E+(P—PSP)-K

Fsp = setpoint, K = const
dx
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Design of adaptive M

Modified sigmoid Goal:
function: e Reducec

M=(b+ | e Enhance ¢
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Implementation of automatic start-up algorithm

5 Autolun - /EDCL_NDV! =m @‘

* Pre-set operation
goals

Automatic Operation Sequence Heater Power OFF

Manual
Step 1: Start Fluidization
Step 2: Start Circulation

e HLC-SMC structure Step 3 Heating auto Lvave B

Auto Combustor Air OFF

Step 4: Establish Pressure Balance

Reaction Temperature |0 C

Step 5: Fuel Injection Auto Temperature Ramp OFF

H Step 6: Stop Fuel Injection T ture R Rate i ¢ C/mi
e 1-click startup for Step 7 Shtdoun emperature Ramp Rate . o C/min
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Start-up sequence test drive

e Achieved automatic
startup with zero
operator intervention

* Maintained oxygen
carrier circulation at
minimal solid flow rate
using self-regulating
aeration and
entrainment gases
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Circulation rate control

e SMCs attempt
to minimize
attrition by
controlling
circulation rate
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Nitrogen
injection to
verify behaviors
for individual
SMCs

Extreme
capacity change
to test
disturbance
rejection
performance
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Fuel injection mode
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Fuel injecti
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e Simultaneous control actions
correctly executed by all SMCs with
no operator intervention

e Achieved ~99% syngas conversion

* No gas breakthrough was observed in
either reactor
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SMC Response to Capacity Change
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Combustor Performance Investigation - ECVT
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Combustor Performance Investigation - ECVT

Image Reconstruction:

X (in) y (in) x (in) ° y (in) X (in) ’ y (in)
23 C, 600 slpm 335 C, 300 slpm 640 C, 220 slpm 720 C, 176 slpm
Ug-Upy = 1.49 Ug-Upe=1.5 Ug-Upy = 1.80 Up-Upy = 1.47

Image reconstruction frame rate: 80 Hz ~ 260
Hz

Solids
holdup




Combustor Performance Investigation - ECVT
Slug Velocity vs. Gas Velocity
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Additional Work

e Continued sub-pilot demonstration

e Tuning adaptive SMC

« Comparative testing with conventional controls
* FocalPoint Integration

e HLC Performance

» Sensor fault detection

e Thermodynamic Optimization parameters
« ECVT Solid flow control development

* Moving bed flow characterization

 Electrical characterization of ceramic and oxygen carrier

material
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