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Advanced Controls for Power
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* More cyclic operation — starts, turndown
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wWind

e Controls for efficient operation

e Load mitigation through active controls —
reduced CoE

 Complex chemical plant coupled to power gen
* High demands on plant availability, efficiency

» Limited sensing in core gasification section —
extremely harsh environment

Advanced Controls for Enhanced Operati

o efficiency, availability, flexibility
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Model-Based Controls for Wind
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‘ Model Predictive Control - CC Plants

MPC

Computes optimal GT
load and temp.
references every few
seconds

Explicitly addresses
future ST stresses

Optimized CC

Plant startup
- system level
operation optimization

imagination at work
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. Model Predictive Control - IGCC Plant

Variations

» Coal quality

* Slurry composition

* Syngas demand (load)

I d
Sensor Suite

Complement online
sensors with model-
based estimation

+ Gasifier/RSC |

Constraints lg"}ﬁerature
« TP limits . g:slif?er ;
* Slag viscosity pressure _
+ Stress limits 3 S
limits = * Syngas i
. Ogerallon limits from composition i
ASU, PowerGen : « Coal quality

Advanced Sensing System

e Harsh-environment sensing
+
e Model-based virtual sensing

Control Actuation

* Slurry, O,, recycle
CO, fee

* Syngas flowrate
* RSC water, steam flow
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Advanced Control System (MPC)

e Model-based online dynamic
constrained optimization

Supervisory level model-

based optimization for

coordinated operation

DoE Contract: DE-FC26-07NT43094

/~ Faster startup - 20% less pre-heating time
Faster load transient — 20% faster turndown

» Optimized steady state performance — effic
conversion

+
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Modeling for Advanced Controls

Need good transient models
consistent with monitoring & control
requirements

» Physics-based models — domain

knowledge, valid over entire operation
envelope, capture nonlinearities

Gasification section model for IGCC plan

Oxygen
» Speed for real-time controls & Coal | Moderator
optimization — model reduction Slurry
- . : Gasifier HP Steam
 Flexibility for plant configurations, Gasifier
variations — parameterized models *Slag Water
*Refractory HP Steam
» Accuracy — online adaptation stress Drum
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Sensing for Advanced Control

Inputs

Slurry, O,, Measured Inputs
Water....
Coal Oxygen . .
\I . Measurement State / Paramgter /| Bias¥ | Dynamic Model
' Errors Estimation . * Reduced-order
Plant T « Model errors (e
" e bias gl _ ors (&.g.
_— ' noise 1 fouling, kinetics, ...)
Measured Outputs
" + Estimated Parameters
Bl for Trending/Diagnostics
Radiant i i
(o L ady (e.g. fouling,...)
Cooler
Online Sensors Virtual Sensors (model outputs)

(e.qg. T, P, flow,...) (e.g. syngas LHV/MWI, gasifier T, carbon conv...)

Model-based estimation (virtual sensors) to complement
online sensors —robust to modeling & sensor errors
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Model Predictive Control (MPC)

Implement Optimized
Plant |'™MP -
Control Action
| | | Time
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Current Next Time Time H
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(EKF) Dynamic Model #
( Performance & >
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On-line Optimization A/_/_.
Optimum Control Profile minimize objegtlve function >
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Over Future Horizon B Constrained \f—
: Optimization |—— >
 actuator magnitude/rate

e T/P limits, ...

Flexible & optimized operation via online model-based prediction &
optimization
« System-level optimization — coordinate operation of components/subsystems
» Optimize for performance objective — flexible objectives for varying operation modes
» Explicit handling of safety and operability constraints — run to direct boundaries
 Anticipation of transients over future prediction horizon — operation prediction Junezofz



Sensing System Design

Combined Cycle
 Firing temperature
e Stresses

Performance, Safety

Advanced controls —
e Operation boundaries

Advanced sensing -
e Online monitoring

Digital Computer -
« Cheap, fast computing

i

IGCC

e Gasifier T

e Carbon conversion

» Refractory wear

p
Model Based

)

Sensors

(Virtual/soft

Sensors)

S/

= .
Wind Turbine
e Stresses

e Thrust

Resource, Operation

“Lean” sensor set-
* Harsh environment
» Sensing technology
» Cost/weight/complexity

Model-based design of robust sensing

June 2012
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Optimal Sensor Placement

Common Sensing System Design Questions and
Requirements

* Design Questions: Sensor type, location, number

* Design Requirements: Precision, reliability, time
Syster3fi@Niddel Based Design — Optimal Sensor Network & Estimation

 Application to IGCC gasifier refractory health monitoring ~ DOE Contract # DE-FE0005712

Network requirements
* Accuracy

« Reliability

* Locationconstraints
* Sensor Cost

Key design metrics
» Solution accuracy

» Computation efficiency

ospP

Optimizer
MINLP

|:> * Sensor Type
* Sensor Location

* #sensors

(Accuracy)

Selected
sensor set Sensing performance

Estimator KF/EKF

System model
e linear
 nonlinear

Problem Characteristics
* Mixed variable (integer/real)

* Large scale system
* Non convex optimization
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Model Based Controls - Summary

On-going focus on model-based sensing, controls & optimizat
Physics based models — domain knowledge, operation envelope, nonline:
Model-based estimation — complement online sensing

Model-based sensing system design — robust sensing system
Model-based advanced controls — improved unit operation & safety
Model predictive controls — flexible & optimized system level operation

Expansion to integrated diagnostics, prognostics & controls
* Online model-based diagnostics of sensor/actuator/system faults
* Prognostics for equipment health/life
 Integrated diagnostics, prognostics & controls
» Fault tolerant operation — avoid trips/shutdowns
* Improved power generation asset utilization

11

imagination at work June 2012





