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Presentation Overview

* Key Challenges Facing the Energy Industry
* Digitalization Technologies and Solutions

* Dynamic Model-based Digital Twins

* Application to Power Plant Operations and Control

e Conclusions and Future Work




Key Challenges Facing the Energy Indusiry
Rapid Transformation of Power Systems

* Driving Factors

* Increasing variable renewable energy resources

* Growing share of decentralized energy resources

* Emerging demand side management ot Load-Following Operation
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* Enhancing power systems flexibility, while 2
reducing costs and strengthening grid resilience :

* Key Priority
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* Changing Role of Fossil Power Plants

* Increased load-following operation
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Key Challenges Facing the Energy Industry

Negative Impacts of Power Plant Cycling

P

lPlant performance,
efficiency, and profitability

J Equipment health and life
expectancy

Cracked Economizer
Header*

tPlant downtime and

operations & maintenance
(O&M) costs

tEnVironmentaI emissions
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Improving Flexible Power Plant Operations
Digitalization Technologies

* Advanced process control and optimization
* Model predictive control

* Boiler optimization, intelligent soot blowing
* Digital twins of physical plant assets

* Physics-based dynamic models
* Data-driven models

* Virtual/ Augmented Reality (VR/AR) models
* Data analytics, Al, and machine learning
* Condition-based monitoring and fault diagnosis

* Predictive maintenance and asset performance
management

* Digital automation, intelligence, and
interconnectivity across fleet-wide enterprise
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Power Plant Digital Twin
Integrated Dynamic Simulation and VR Technologies

* High-fidelity, real-time g S |-
dynamic simulator e ’,, ' ‘ ﬁq
* 3D immersive VR-based = __Cap_turg
plant environment — g Real-Time GasTufuwg oo

1 { Data Link
* Real-time data connection ata Lin

* Virtual digital test bed for i
power plant R&D Dynamic Simulator/Control Room Virtual Power Plant

* Optimal sensor network design
* Advanced process control

* Operational flexibility

* Performance, Monitoring,
Fault Diagnosis




Power Plant Digital Twin
Integrated Dynamic Simulation and VR Technologies

Real-Time BEHLLCTSNaRaE S
Data Link == ,
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Dynamic Simulator/Control Room Virtual Power Plant
* Integrated Gasification Combined Cycle (IGCC)
* Chemical Plant: Coal-Fired Gasification with
CO, Capture (Syngas Production and Cleanup)
* Power Plant: Combined Cycle (Power Generation)
* Electrical System: Real-Time Grid Connection

U.8- DEPARIMER IR Zitney, S.E., D. Bhattacharyya and R. Turton, "17 - Dynamic IGCC system simulator," In T. Wang and G.J. Stiegel (Eds.), Integrated Gasification Combined 8
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Power Plant Digital Twin
Optimal Sensor Network Design

* Developed dynamic optimization-based
approach to synthesize sensor networks
* Two-tier approach: Plant and component

* Intentional data for various objectives:
Performance, Disturbance rejection, State estimation,
Condition monitoring, and Fault diagnosis

* IGCC Applications
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Optimal sensor placement for IGCC CO, capture process*

Spalling time considering compressive stress
* Performance: Maximize CO, capture etficiency ’ . ' |
E2s 1 | I
* Condition Monitoring: Minimize slag layer thickening £, . : | "
. . . 2 : : | = Base Case -
and refractory degradation in the gasifier g5 : ! | T el
H . | | = High T. Case
. . . E 1 I ! ! —— Low T. Case
* Detailed mechanistic model — slag detachment, N : ! ! o
. . . . ’ 1 | 1
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* Model predictive control strategies to minimize damage
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Gasifier refractory degradation™*
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Power Plant Digital Twin
Advanced Process Control for Flexible Operations

* Multiple Model Predictive Control (MMPC)

* Improved ramp rate of Air Separation Unit (ASU)
during IGCC load-following operation

HP AND LP DISTILLATION COLUMNS A

* Provided better dynamic response to disturbances

compared to conventional control approaches*

(=) [m[‘-‘f-"'“]- -- EBER
MMPC for improving IGCC-ASU ramp rates
* Biomimetic Adaptive Control

* Demonstrated adaptive, biologically-inspired, . i -
. . . /m o\ a -

distributed multi-agent approach =) '"“T:_/ 1;\-

. . . T -

* Optimal selection of controlled variables** —_— j:_J :rJ =

Process Monitoring/Estimation
System

* Biologically-Inspired Optimal Control Strategy (BIO-CS)***
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* Provided better setpoint tracking for control of g
COZ capture rate duﬁng IGCC transients Biomimetic control of IGCC COZZapture process
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Power Plant Digital Twin

Enhanced Strategies for Flexible Operations

 Collaborated with Associated Electric
580 MWe NGCC power plant

* Leveraged Combined Cycle portion
of NETL IGCC dynamic simulator

* Used operating data and procedures
to establish dynamic baseline

(Source: Associated Electric Cooperative)
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* Improved operation and control
procedures to reduce temperature
gradients during cycling operations
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Conclusions and Future Work

* Era of digital transformation is accelerating
* Energy industries are pursuing opportunities
for improving flexible power plant operations
* Reduce downtime and O&M costs
* Increase efficiency, productivity, and profitability
* Digital Twins are key enabling technologies
for R&D and industrial application n—
* Advanced process control and optimization : -
* Sensor network design, monitoring, and fault diagnosis 5 ‘ ‘a, ‘
* Future applications of Digital Twins S ] i
* Cyber-physical systems for operations and control testing
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* Cybersecurity system testing and validation
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Office of Fossil Energy: www.energy.gov/fe/office-fossil-energy

NETL: www.netl.doe.gov/
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Disclaimer This presentation 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 usefulness 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.
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