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In the modern landscape of chemical engineering and industrial design, process simulation has transitioned from a
specialized luxury to an absolute necessity. Aspen HYSYSstands at the forefront of this evolution, serving as the
industry-standard software for the modeling, optimization, and monitoring of oil and gas production, gas
processing, and petroleum refining processes. By providing a comprehensive suite of tools for steady-state and
dynamic simulation, HYSYS enables engineers to predict the behavior of complex chemical systems with
remarkable precision, thereby reducing capital costs and improving operational efficiency.

The Core Architecture: Understanding the HYSYS Simulation Basis

The foundation of any successful simulation in Aspen HYSYS begins with the Simulation Basis Manager (SBM).
Unlike many other software packages where data entry can be haphazard, HYSYS enforces a logical, hierarchical
structure. Before a single pipe can be drawn or a pump can be sized, the user must define the simulation
environment's core parameters. This stage is critical because the thermodynamic accuracy of the entire model
depends on the inputs provided here.

The Component List

The first step in the SBM is the selection of chemical components. HYSYS maintains a vast internal database
containing thousands of pure components, ranging from simple hydrocarbons to complex electrolytes. For
specialized industries like petroleum refining, HYSYS allows for the creation of hypothetical components(pseudo-
components). These are used to represent petroleum fractions characterized by boiling point ranges rather than
specific molecular formulas, allowing for the simulation of crude oil assays with high fidelity.

Fluid Packages and Thermodynamic Selection

Perhaps the most critical decision an engineer makes is the selection of the Fluid Package. A fluid package is a
collection of thermodynamic models and property methods that HYSYS uses to calculate physical properties,
phase equilibrium, and enthalpy. Choosing the wrong property package can lead to errors in equipment sizing,
distillation column failure, and incorrect safety valve specifications. The selection is typically governed by the nature
of the fluids involved:

¢ Equations of State (EOS): Models like Peng-Robinson (PR) and Soave-Redlich-Kwong (SRK) are the
workhorses of the oil and gas industry. They are highly effective for non-polar or slightly polar systems at high
pressures.

e Activity Coefficient Models: For highly non-ideal systems, such as alcohol-water mixtures or chemical
solvents, activity models like NRTL (Non-Random Two-Liquid) or UNIQUAC are preferred.

e Specialized Packages: HYSYS includes specific models for glycol dehydration (Glycol Package), sour water
stripping (Sour PR), and amine treatment.

Deep Dive into the NRTL Model in Chemical Engineering

The NRTL (Non-Random Two-Liquid)model is a sophisticated activity coefficient model used extensively in
HYSYS for liquid-phase behavior. While the acronym "NRTL" occasionally appears in other technical contexts



(such as Nationally Recognized Testing Laboratories in electrical safety), in the realm of chemical process
simulation, it refers to a mathematical framework for calculating the excess Gibbs free energy of a mixture.

The Mathematical Foundation

The NRTL model is based on the concept of local composition. It assumes that the local concentration of
molecules around a central molecule is different from the bulk concentration due to differences in intermolecular
forces. The model requires Binary Interaction Parameters (BIPs), which are usually derived from experimental
Vapor-Liquid Equilibrium (VLE) data. This makes NRTL exceptionally accurate for polar mixtures and aqueous
solutions where Equations of State like Peng-Robinson typically fail.

NRTL vs. Equation of State (EOS)

The following table illustrates the primary differences between these two modeling approaches within the HYSYS
environment:



Feature Equation of State (e.g., Peng- Activity Model (e.g., NRTL)

Robinson)
Phase Focus Consistent for both vapor and liquid Primarily handles the liquid phase;
phases. requires a separate vapor model (e.g.,
Ideal Gas).
Pressure Range Excellent for high-pressure systems. Best for low to moderate pressures.
Polarity Poor for highly polar/associating Superior for polar and non-ideal
molecules. mixtures.
Critical Region Reliable near the critical point. Unreliable near the critical point.
Cryogenic Use Recommended for gas processing. Not recommended.

Aspen HYSYS vs. Aspen Plus: Choosing the Right Tool

A common point of confusion for students and junior engineers is the distinction between Aspen HYSYS and
Aspen Plus. While both are owned by AspenTech and share some underlying technology, they are optimized for
different industrial sectors.

Industry Focus and Dynamics

Aspen HYSYS was originally designed for the upstream and midstream oil and gas sectors. Its architecture is built
around a pressure-flow solver, which makes it incredibly efficient for modeling gathering systems, gas plants, and
refineries. Furthermore, HYSYS is renowned for its Dynamic Simulationcapabilities, allowing  engineers to
simulate startup, shutdown, and process control strategies in real-time.

Aspen Plus, conversely, is the tool of choice for the chemical and pharmaceutical industries. It excels in handling
solids (like coal, ores, and polymers) and complex electrolyte chemistry. While HYSYS uses a more intuitive,
"forward-calculating” approach where changes propagate instantly, Aspen Plus utilizes a sequential modular or
equation-oriented approach better suited for massive chemical complexes with significant recycle streams.

Practical Implementation: Building a Simulation in HYSYS

Constructing a model in HYSYS requires a disciplined workflow to ensure convergence and accuracy. The following
steps outline the standard engineering procedure for a steady-state simulation.

Step 1: The Simulation Basis

As discussed, define the Component List and select the Fluid Package. Ensure that the "Basis" icon in the
bottom left of the HYSYS interface turns green, indicating a complete property set.

Step 2: Entering the Simulation Environment

Once the basis is set, the user enters the Simulation Environment(the PFD or Process Flow Diagram). Here, the
palette of unit operations becomes available. It is best practice to label streams and equipment according to
P&amp;ID (Process and Instrumentation Diagram) standards.

Step 3: Defining Feed Streams

A stream in HYSYS is fully defined when its composition and two of the following three variables are known:



Temperature, Pressure, or Vapor Fraction. Once these are entered, HYSYS automatically calculates the
enthalpy, entropy, and molar flow based on the selected fluid package.

Step 4. Placing Unit Operations

Engineers can drag and drop operations such as:

e Separators: Modeling 2-phase or 3-phase vessels for vapor-liquid separation.

e Heat Exchangers: Using simple weighted models or the detailed Aspen Exchanger Design and Rating (EDR)
integration for rigorous thermal analysis.

« Distillation Columns: Utilizing the "Column Subflowsheet" to model fractionators, stabilizers, and absorbers.

¢ Rotating Equipment: Defining compressors and pumps by providing efficiency curves or head data.

Petroleum Refining and Crude Characterization

One of the most powerful features of modern HYSYS is its Petroleum Refining module. Refining simulation differs
from standard chemical simulation because the feedstock is not a list of pure components but a complex mixture of
thousands of hydrocarbons. HYSYS handles this through Oil Manager or Petroleum Assay tools.

Crude Oil Assays

Users can import assay data (distillation curves like TBP, D86, or D1160) into HYSYS. The software then performs

a molecular characterization, breaking the crude down into discrete boiling point fractions. These fractions are
assigned properties (molecular weight, density, viscosity) based on correlation sets like APl or Lee-Kesler. This
allows for the precise modeling of Atmospheric Distillation Units (ADU) and Vacuum Distillation Units (VDU), which
are the heart of any refinery.

Troubleshooting and Performance Optimization

A simulation that "runs" is not necessarily an accurate simulation. Professional engineers must validate their
models against plant data or theoretical expectations. Common challenges in HYSYS include:

Convergence Failures

In complex models with recycles (e.g., a gas dehydration loop with a TEG regenerator), the solver may fail to
converge. This often happens if the Recycle Blocktolerances are too tight or if the initial guesses for the recycle
stream are physically impossible. Engineers solve this by "breaking" the recycle, converging the model in an open-
loop configuration, and then slowly re-introducing the recycle stream.

Consistency Errors

HYSYS uses a bi-directional solver. If you define the temperature of both the inlet and outlet of a heater, and then
also define the heat duty, HYSYS may find a mathematical inconsistency if the heat duty doesn't match the
temperature change. Always ensure you are not over-defining the degrees of freedom in the system.

Comparison of Common Unit Operation Solvers

Different unit operations in HYSYS use different internal solvers. Understanding these helps in selecting the right
complexity for the task.



Unit Operation Standard Solver Best For...

Separator Gibbs Free Energy / Flash Simple phase separation at
equilibrium.

Heat Exchanger Endpoint / Weighted Energy balance and simple LMTD
calculations.

Distillation Column Inside-Out Algorithm Rigorous multi-stage fractionation.

Pipe Segment Pressure Drop Correlation Hydraulic analysis and line sizing.

Reactor Stoichiometric / Kinetic / Equilibrium Chemical conversion based on

specific reaction data.

The Role of HYSYS in Digital Transformation

The application of Aspen HYSYS now extends beyond the design phase into Asset Performance Management
(APM). Through Aspen OnLine, simulation models can be connected to real-time plant data via an OPC server.
This allows for the creation of a "Digital Twin," where the model runs in parallel with the actual plant. Discrepancies
between the model's predicted performance and the plant's actual output can highlight equipment fouling, catalyst
deactivation, or sensor drift.

Furthermore, the integration of Aspen HYSYS Dynamicsallows for the study of safety systems. By simulating a
"blocked outlet" scenario or a "depressuring" event, engineers can size Flare systems and Pressure Safety Valves
(PSVs) to ensure they can handle the peak loads during an emergency. This use of simulation is mandated by
many regulatory bodies to ensure the highest standards of process safety management.

As the industry moves toward decarbonization, HYSYS is also evolving. New modules for Carbon Capture and
Sequestration (CCS) and Hydrogen Production(including electrolysis and steam methane reforming) are
becoming standard features. The ability to model the capture of CO2 using amine solvents or physical adsorbents
is critical for companies aiming to reach net-zero targets. The flexibility of the property packages, particularly the
ability to handle the non-ideal behavior of CO2-rich streams at high pressures, makes HYSYS an indispensable
tool for the energy transition.

In summary, mastering Aspen HYSYS requires a dual understanding of chemical engineering fundamentals and
software-specific mechanics. By meticulously setting up the Simulation Basis, choosing the appropriate
thermodynamic models (like NRTL for polar systems or PR for hydrocarbons), and validating the results against
real-world constraints, engineers can leverage this powerful tool to design safer, more efficient, and more
sustainable industrial processes. Whether it is a simple flash drum or a multi-stage liquefied natural gas (LNG)
plant, the principles of rigorous simulation remain the cornerstone of technical excellence in the process industries.
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