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Session Agenda

1. HYBRID and FORCE (15 min)
a) How HYBRID fits
b) What is HYBRID
c) What is in HYBRID

2. Features of Modelica (15 min)
a) Inherent advantages
b) Replaceable modeling

3. How Models are Constructed (30 min)
a) Model integration
b) Parameterizing and information passing
c) Initialization and RAVEN interface
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How HYBRID Fits Within FORCE

• INL tools enable IES modeling 
analysis

• Physical process, integration 
modeling

• Long-term technoeconomic 
analysis

• Capacity, dispatch optimization
• Stochastic analysis, multiple 

commodities
• Energy storage, varied markets
• Real-time optimization

FARM
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HYBRID – What Is It?

• The HYBRID repository is a collection of physical 
models written to characterize:

• Thermal and electrical integration of different processes
• Ramp speed
• Evaluation of novel control schemes
• Off-design system states
• Dispatch feasibility
• Safety limit approaches, considering control system effects

• https://github.com/idaholab/HYBRID
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New HYBRID Structure

5

Steady-State Transient ROMs Cost Information

Tech 1 Tech 1 Tech 1 Tech 1

Tech 2 Tech 2 Tech 2 Tech 2

Tech 3 Tech 3 Tech 3 Tech 3

Tech 4 Tech 4 Tech 4 Tech 4

… … … …

Aspen, Mathcad, 
Excel, etc.

non-Modelica or 
“Save-total” 
Modelica

Trained on other 
models

HERON-readable 
format

Modelica Dynamic Models

Primary Heat Systems

Energy Manifold

Balance of Plant

Industrial Process

Energy Storage

Secondary Energy Source

Primary Heat Switch Yard

Electrical Grid

Control System Center

Experimental Systems
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V&V Matrix (1/4)
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V&V Matrix (2/4)
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V&V Matrix (3/4)
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V&V Matrix (4/4)
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HYBRID Dynamic Modeling

• HYBRID evaluates the 
feasibility of systems 
developed within FORCE 
and provides constraint data 
necessary for broader 
system evaluations

• An ideal intermediary for 
determining:

• Integration design
• Control methods
• Ramp rate feasibility 
• Determination of off-design 

behaviors
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Where FORCE Interacts?

• Inputs are system sizing
• Values taken from RAVEN/HERON in 

optimization workflow 

• Control strategies desired
• Each subsystem has its own control 

strategy

• Planned coupling methodologies 
• Supervisory control 
• Minimum electrical and heat rates 

for each subsystem

• Thermal and electrical demands 
for each subsystem through time. 

• Total demand an input from balancing 
authority routine

Example Fluid Coupling Points

Supervisory 
Control

Example Electrical 
Coupling Points
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Why Modelica? 

• Rapid Development
• Fidelity level controlled by user
• Fast feedback from development environment

• Collaborative
• Model repositories can be open-source like HYBRID with standardized 

connections
• FMI/FMU allows for “black-box” sharing

• Flexible, Adaptable
• Modeling across multiple physical domains
• Models modifiable for existing and new users

12
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Equation Based (acausal)
• Order of computations is not decided at modeling time

• Equations do not specify input/outputs
• 𝑥𝑥 + 𝑦𝑦 = 𝑧𝑧𝑥𝑥 + 𝑦𝑦𝑦𝑦

• Solutions direction adapts to data flow

Built for Dynamic Problems
• Time integration handled by 

solver
• 𝑑𝑑𝑑𝑑𝑑𝑑 𝑣𝑣 = 𝑎𝑎 + 𝑏𝑏𝑏𝑏 𝑡𝑡

Example from the Modelica Standard Library

Modelica Features

13
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Dynamic Simulation 

• Time dependent aspects of a 
system

• Concerned with concepts of:
• States: Attributes described at a point in time

• Events: Occurrences that trigger a state transition

• Transitions: A change in the state of an object

• Actions: Instantaneous operation that results due 
to an event

• Activities: Ongoing operations upon the state of an 
object Example of a dynamic 

problem
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A pipe subjected to cyclic ambient temperature

Double click on the component of interest and change the fluid or 
heat transfer correlationFluid Media Heat Transfer Correlation

Replaceable Modeling

15
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Design Capability

• Physical models are 
focused on process 
system bases 

• A few coupled 
subsystems (nuclear 
plant + gas turbine + 
thermal storage + grid + 
ancillary process)

• Focus within Hybrid has 
been single energy 
park systems

16
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Design Capability

• Figures of merit 
• Demand missed
• System stability 

• System pressure, 
temperature, thermal 
gradients, valve 
positioning, etc.

• Control strategy effects 
on each subsystem

• Carbon accounting

17
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Interconnectability

• Create self-contained 
process models 

• These models 
calculate on- and off-
design behavior

• Coupling occurs with 
other Modelica models 
or process models 
built via FMI/FMU

Connection 
points

Interchangeable 
Control System

18
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Interconnectability

• Models are configured 
using interchangeable 
base classes for ease 
of use and adaptability 
of models into different 
configurations

• Can be exported in the 
FMI/FMU standard to 
allow robust 
interoperability with 
industry

Connection 
points

Interchangeable 
Control System

19
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Energy Arbitrage IES
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• NuScale-style SMR 
• High-fidelity balance of 

plant
• Integrated-concrete 

thermal-energy storage 
system (dual network 
model) 

• Week-long-scaled 
dispatchable demand 
profile calculated and 
input

Concrete TES

HPT
LPT

Condenser

TBV

TCV

DFV DCV

FCV

FWCP

FWH-1 FWH-2

Steam 
Generator
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Energy Arbitrage IES
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PHS– Westinghouse (WH) Style: 4-Loop (PWR)
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Energy Manifold
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ES – Sensible Thermal Energy Storage (TES)
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High-Temperature Steam Electrolysis (HTSE)
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Reverse Osmosis (RO) Desalination
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Natural Gas Fired Turbine
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DETAIL Model 
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MAGNET TEDS
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Integration of Existing Models

• Drag and drop of models is the most common method of 
building top-level systems

• Example: IES, Reactor model
• Prebuilt models combined in unique ways for simulation setup
• Primary simulation difficulties are system-wide initialization and 

proper calibration of controls
• Subcomponents can be combined to make usable components

• Example: Shell and tube heat exchanger
• Configured models allow for standardized components for full system 

builds
• Primary difficulty is to ensure appropriate parameter pass-through

 HYBRID and FORCE     Modeling Features  𝑿𝑿  Model Construction



Integration of Existing Models

• Using existing models takes advantage of object building 
within Modelica

• The same components can be used repeatedly

• Subsystems have been tested and verified

• Ports impose consistent communication between 
components

30
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Example: IES

Reactor 
model

Steam 
manifold

Turbogenerator 
system

Gas turbine 
system

Electrical 
interconnection

Electrical 
grid

IES control
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Example: IES – Reactor Model
• Sixteen different drag-and-drop 

components make up reactor model 
• Includes pipes, sensors, feedwater pump, 

primary heat exchanger, nuclear core model, 
and control signals 

• Some of these models have drag-and-drop 
subcomponents

• Subsystem level is self-contained, only 
needing feed flow and steam produced 
connections.

3
2
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Example: IES – Turbogenerator
• Turbogenerator system 

demonstrates five connection 
types

• Fluid (blue)
• Heat (red solid)
• Mechanical (gray)
• Electrical (red solid)
• Control (red & green dashed)

3
3
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Integration of Existing Models
• Construction using pre-existing models creates instantiations of 

the objects within current level model

• Typically, ports and connectors are used to communicate 
information between objects

• Assuming the building block models exist, the construction 
process can happen quite intuitively

• Example: Shell & tube heat exchanger

• Parameter passing must be handled at every level

3
4
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Example: Shell & Tube Heat Exchanger

• What do we need to 
make a STHX? 

• Shell fluid flow path

• Tube fluid flow path

• Pipe model to 
establish conductivity

• Possibly a 
vectorization reversing 
unit to allow for 
counter-flow OR 
concurrent flow

• External fluid 
connectors

3
5
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Example: Shell & Tube Heat Exchanger

• Finished product thermally 
connects two fluid streams

• One final question: how do we 
properly pass parameters to 
next-level modeling? 

• Each component in the figure on the right 
has its own parameters 

• For example: what is the diameter of the 
tube in the tube model? 

36
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Integration of Existing Models: Passing Parameters

• Typically, parameters must be re-declared at 
every level

• Default values can be put in, as the highest modeling level 
will be distributed down

• “Replaceable” keyword allows for all potential 
values matching the type of that parameter to 
be selected via drop-down menu

• For example: two-phase media types

• Parameters can be grouped into data structures 
for easier pass-through

Parameter interface seen above. Interface 
method depends on type of parameter (single 
value, package selection, set of values, etc)

37
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Geometry parameters entered 
here are distributed to pipe & wall 
models at this level

Passing Parameters

38
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Integration of Existing Models

• Using existing models takes advantage of object building 
within Modelica

• The same components can be used repeatedly

• Ports impose consistent communication between 
components

• When building sub-models and subsystems, make sure 
that relevant parameter passing methods are set up

39
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Parameter Sweeping
• Dymola has internal parameter sweeping 

method

• Allows for output space generation across 
single altered parameter at a time

• Auto generates separate output files to 
keep post simulation

• Auto generates plotting set of output 
values desired by user
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Manual Parameter Sweep

• In the case that a model is sensitive to initial conditions, it 
is possible to manually alter parameters via the dsfinal.txt 
file to effectively manually parameter sweep

• Combined with script generation, this process can be 
automated so that there is less user attention required
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Initial Conditions

• Model initialization is key to obtaining 
results, especially if a simulation 
stabilization time frame can be 
avoided

• One method of creating an initial state 
is to use a robust outside result to 
create an initial conditions table

• ASPEN HYSYS is often used
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Initial Conditions

• Inherent method within 
Dymola to save within a 
model the initial conditions

• When used, the output 
space is saved within the 
model directly as 
adjustments to the 
attributes 

 HYBRID and FORCE     Modeling Features  𝑿𝑿  Model Construction



47

Initial Conditions
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Initial Conditions

• Another method of importing initial conditions is using 
default output format

• This method can be used to alter parameters by altering 
the text file
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RAVEN Interfacing

• Default initialization or final status text file is standard RAVEN 
input method

• Values identified in RAVEN input substituted 
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RAVEN Interface

• Executable made via Dymola and path input into 
RAVEN 

• User should make sure that “evaluate parameters at 
translation” option is disabled

• Dymola is subType “Dymola” in the input deck

• Input name type is “DymolaInitialisation” 
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Model Analysis

• Scripting allows for manual creation of parameter sweep 
• Method is: Translate(), import(), simulate()

• Dymola has internal parameter sweep methods
• Only one parameter can be changed at once

• RAVEN interface uses standard input to accept new 
parameter methods

• Reminder from previous: models can use text reading for 
input, which can read dispatch information generated by 
another code 
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HYBRID Expansion

• Development of concurrent model structures
• Modelica transient models
• Aspen HYSYS steady-state models
• Reduced order models based on Modelica transient modeling
• Subsystem costing information

• Full FORCE vertical integration
• Continued expansion of modeling capabilities

52
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Why Aspen? 

• Industry-standard 
thermodynamic and 
chemical analyses tool

• Allows for process 
changes, flow 
rearrangements

• Chemical reactors 
allow for process 
calculations

53
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Why ROMs? 

• Allow for shorter computation times
• Accuracy relative to trained model will be identical
• RAVEN contains many ROM training methods 
• DMDc is nominal method of choice, allows for 

analysis of systems that use controllers

54
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Questions?



HYBRID – What Is It?

• Hybrid is a collection of physical models written to 
characterize:

• Thermal and electrical integration of different processes
• Ramp speed
• Evaluation of novel control schemes
• Off-design system states
• Dispatch feasibility
• Safety limit approaches, considering control system effects

• https://github.com/idaholab/HYBRID

56
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