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__ Motwaton Timescale-Based Model Reduction

= Existing fleet of power plants facing increasing pressure to operate
more dynamically and participate in load following and ancillary

Dynamic Power Plant Model

= A fast, accurate model can be created by removing differential states that have little long-time contribution to process = Dynamic power plant unit models currently being tested and refined:
dynamics; the challenge is to identify these states

power markets requiring frequent ramping = Drum = Steam heater (for platen and roof superheater)
= |DAES framework will incorporate tools for identifying and reducing these states, if they exist, in nonlinear dynamic models = 0-D and 1-D .
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1 all ve f | Fast states denoted Z: €, assumed small = For a relevant set of SR
= Dynamic optimization will allow us to solve for optimal operatin : A A ol . : - . |
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BUT... dynamic optimization problems can be difficult to formulate z Reduced Model: 63.8 kmol/min Solve the corresponding linear system : e prom e |
and solve g = Elimi i i i : Waterwall | _Zone! F:
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Steam Cycle
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Unit model infrastructure Dynamic optimization solution tools Dynamic Model Initialization = Full subcritical power plant flowsheet
- | ® |ncludes both the boiler and steam cycle units
LN Simulate
¥ o Dynamic \ = Steam cycle units modeled as steady-state (turbines, condensers, FWHs, pumps)
Steady Dynamie Model L, : : : Explicit integration Implicit integration . : . :
State Model T piscretize I8 initialize BB Optimize = QOptimization problems with nonlinear dynamic models Open loop simulation: 28,532 variables
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= |DAES framework will include several strategies to ]
. . initialize dynamic models and flowsheets
“Plug-and-play” formulations Novel algorithms y ] :
» |nitialization strategies will include unit model specific =
Opt'mal Control io@ % i g p ‘.‘\\ / 30.34 -
) L SErsInviLy nases Parallel salutian initialization routines as well as general utility functions e I T R
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Dynamic W | n oy, S = Decoupling approach, or element-by-element initialization, is equivalent to = Enable dynamic features in steam cycle models
Model T { oy } ] running a fixed-step forward simulation of the dynamic model = Dynamic data reconciliation and parameter estimation
= Can also be useful for simulating the dynamic model over long time horizons " Couple with stress/damage models to quantify cost of load following operation
Coupling = Dynamic optimization and advanced control

“collocation equations”

= General implementation has been prototyped in the IDAES framework and
should be available in the next IDAES-PSE release

Conclusions

= Asingle framework for dynamic process model development, Sample code for running decoupling initialization

simulation, and optimization; no longer need to convert dynamic

models from one platform to another to access a wide variety of e - _ _ _ o
: o n | # Apply decoupling initialization " improving the operation of existing plants
analysis and optimization tools initialize by time_element(m.fs, m.fs.time, solver=solver)

Single marching element model
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i BeGldre ane fiscreklee ayndule el Explicitly modeling process dynamics creates opportunities for:

= Tools for dynamic model developmentinduding: = designing efficient and flexible future energy systems

= Infrastructure for switching between steady-state and PID Control Blocks Dynamic optimization tools being developed with emphasis on:
dynamic operation = ease of use, flexibility, and complete life cycle support

* Model identification and parameter estimation tools . PID controll | 4 e S - o
. namic ivioae iImization olution esulits
T : controliers are commonly used tor Sample code for adding a PID control block to any IDAES flowsheet y P T — Lo — )
= Sensitivity analy5|s tools . . Development Formulation Algorithm Analysis
regulatory process control to drive a dynamic — -
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