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In the competitive landscape of the process industries—ranging from oil and gas to fine chemicals and
pharmaceuticals—the ability to accurately predict capital and operating expenditures during the early stages of
design is a critical success factor. The Aspen Economic Evaluation Familyrepresents a sophisticated suite of
tools designed to bridge the gap between process simulation and financial reality. By utilizing an integrated
engineering-based approach, these tools allow engineers and project managers to move beyond simple factor-
based estimation toward a rigorous, bottom-up analysis of project viability.

Understanding the Core Philosophy of Aspen Economic Evaluation

The Aspen Economic Evaluation (AEE) suite, often referred to by its legacy name, the Icarusfamily, operates on a
fundamental principle: the cost of a process plant is dictated by the physical characteristics of the equipment and
the labor required to install it. Unlike traditional "Lang Factor" or "Hand Factor" methods, which apply a multiplier to
the total equipment cost to estimate the total installed cost (TIC), the AEE engine builds a virtual model of the plant.

This "volumetric® modeling approach accounts for every component of the installation. For a single piece of
equipment, such as a distillation column, the system evaluates the cost of the vessel itself, the required foundation
(concrete and rebar), the structural steel for platforms and ladders, the piping (including valves and fittings),
instrumentation, electrical connections, and even the paint and insulation. This level of granularity is what
differentiates the Aspen Process Economic Analyzer (APEA) and Aspen Capital Cost Estimator (ACCE) from basic
spreadsheet-based tools.

Key Components of the Aspen Economic Evaluation Family

The suite is composed of several distinct modules, each tailored to specific phases of the project lifecycle:

e Aspen Process Economic Analyzer (APEA): Primarily used during the conceptual design phase. It integrates
seamlessly with Aspen Plus and Aspen HYSYS, allowing for rapid "what-if* analysis of different process
configurations.

* Aspen Capital Cost Estimator (ACCE): Designed for the Front-End Engineering Design (FEED) stage. It offers
more detailed control over project specifications, material costs, and labor productivity.

e Aspen In-Plant Cost Estimator: Specifically optimized for brownfield projects, retrofits, and plant expansions
where existing infrastructure must be considered.

¢ Aspen Economic Evaluation (AEE) Engine: The underlying calculation core that manages the cost libraries,
material databases, and labor rate calculations.

The Technical Workflow: From Simulation to Economic Reality

The integration of economic evaluation into the engineering workflow follows a structured sequence. The goal is to
transform thermodynamic data into financial metrics like Net Present Value (NPV) and Internal Rate of Return
(IRR).

1. Data Extraction and Mapping

The process begins in a simulation environment like Aspen HYSYS or Aspen Plus. The simulation provides the



mass and energy balances, along with the physical properties of the streams. When the simulation is mapped to
the Economic Evaluation module, the software identifies the equipment types (e.g., centrifugal pumps, shell-and-
tube heat exchangers, compressors).

Technical precision is required during the mapping phase. The user must ensure that the simulation equipment is
mapped to the correct industrial counterpart. For instance, a simple heater block in HYSYS might be mapped as a
fired heater, a shell-and-tube exchanger, or an electric heater in the economic analyzer. Each choice carries vastly
different cost implications.

2. Equipment Sizing and Material Selection

Once mapped, the AEE engine automatically sizes the equipment based on the process conditions (temperature,
pressure, and flow rates). The software utilizes rigorous engineering modelsto determine vessel wall thickness,
diameter, and height according to international standards such as ASME or DIN. Material selection is equally
critical; moving from carbon steel to a high-grade alloy like Hastelloy can increase the equipment cost by a factor of
five or more.

3.The Evaluation Phase: The Volumetric Engine

After sizing, the system performs an "Evaluation." This is the most computationally intensive part of the process.
The engine calculates:

 Direct Costs: Equipment, piping, civil, structural, steel, instrumentation, and electrical.

« Indirect Costs: Freight, taxes, engineering costs, construction management, and contractor fees.

e Labor Hours: The system estimates the man-hours required for each craft (pipefitters, welders, electricians)
based on the physical scope and geographic productivity factors.

Comparative Analysis: APEA vs. Traditional Factor-Based Methods

The superiority of the Aspen Economic Evaluation approach is best demonstrated when compared to traditional
estimation techniques used in the industry.



Feature

Basis of Estimate

Sensitivity to Process Changes

Labor Analysis

Accuracy (AACE Class)

Infrastructure Detail

Traditional Factor Methods (e.g.,
Lang)

Total Equipment Cost (TEC)
multiplied by a factor.

Low; factors don't change if pressure
or temperature rises.

Estimated as a percentage of total
cost.

Class 5 (-50% to +100%)

None; often lumped into a single
percentage.

Aspen Economic Evaluation (APEA/
ACCE)

Detailed engineering and volumetric
modeling.

High; accounts for wall thickness and
material upgrades.

Calculated based on specific
installation man-hours.

Class 4 to Class 2 (-15% to +30%)

Includes foundations, piping, and
electrical detail.

Mathematical Framework: Calculating Project Viability

The Aspen Economic Evaluation suite does not just stop at capital cost (CAPEX). It also performs comprehensive

Operating Expenditure (OPEX)analysis and cash flow modeling. The core mathematical models are based on
standard financial engineering principles.

Total Capital Investment (TCI)

The TCI is calculated as the sum of fixed capital investment (FCI) and working capital. The formula utilized by the
engine follows this general structure:

TCI = (Direct Costs + Indirect Costs) + Contingency + Escalation + Working Capital

Discounted Cash Flow (DCF) Analysis

To determine the economic feasibility, the software generates a year-by-year cash flow report. The Net Present
Value (NPV) is calculated using the formula:

NPV =:2 B0 f 2’+¢EO O —s.e—F— A —avestment
Where:Rt = Net cash inflow-outflow during a single period ti = Discount rate or return that could be earned in

alternative investmentst = Number of timer periods

The system iteratively solves for the Internal Rate of Return (IRR), the discount rate that makes the NPV of all
cash flows equal to zero. These metrics allow engineers to present a robust business case to stakeholders, backed
by technical rigor rather than guesswork.

Practical Implementation: A Step-by-Step Field Guide

For a Senior Engineer implementing the Aspen Economic Evaluation family within a corporate workflow, the
following procedure ensures consistency and accuracy.

Step 1: Define Project Basis and Location

Before running an evaluation, set the "Economic Basis." This includes the project country, the currency, and the
costing year. The Aspen Global Cost Componentsdatabase provides updated labor rates and material cost
indices for various regions (e.g., US Gulf Coast, Western Europe, Middle East, Southeast Asia).



Step 2: Component Mapping and Sizing

Import the simulation file. Review every mapped component. If the simulation specifies a "black box" reactor, the
engineer must manually define the reactor type (e.g., Jacketed Stirred Tank, Fixed Bed) to allow the engine to size
the vessel correctly.

Step 3: Specification of Materials and Pressures

Modify the default materials of construction. For corrosive environments, ensure that piping materials match the
vessel materials. Adjust the design pressure and temperature safety margins (typically 10% above operating
conditions) to ensure the vessel wall thickness is estimated conservatively.

Step 4: Running the Evaluation and Reviewing the Executive Summary

Execute the evaluation. The software will produce an Executive Summary. Analyze the Project Capital Cost
Summaryand look for "Red Flags"—unusually high piping or instrumentation costs that might indicate a mapping
error or an overly complex design.

Troubleshooting Common Operational Challenges

Even with advanced software, technical writers and engineers often encounter hurdles in economic modeling. Here
are the most common failure modes and their solutions:

« Issue: Unrealistic Piping Costs. This often happens when the software defaults to an excessively long piping
run for a specific equipment module. Solution: Manually adjust the piping specifications or use the "Plant Layout"
feature to define more realistic distances.

« Issue: Converging Simulation vs. Converging Economics. A process might be thermodynamically feasible but
economically disastrous. Solution: Use the "Optimizer" tool to find the sweet spot between energy efficiency (high
CAPEX for heat exchangers) and utility consumption (high OPEX).

« Issue: Material Index Volatility. Global steel prices can fluctuate rapidly. Solution: Utilize the Aspen Custom
Cost Index feature to manually input current market rates for major materials like stainless steel or carbon steel.

The Strategic Importance of Early-Stage Evaluation

The modern engineering firm uses the Aspen Economic Evaluation family as a strategic asset. By integrating
economic analysis into the Front-End Loading (FEL) process, companies can identify "non-starters" before
significant engineering hours are wasted on detailed design. This is known as Value Engineering.

Consider a case study where a chemical company is evaluating two different catalyst systems. Catalyst A has a
higher conversion rate but requires a high-pressure reactor made of specialized alloys. Catalyst B has a lower
conversion rate but operates at atmospheric pressure in carbon steel equipment. Using Aspen Process Economic
Analyzer, the engineering team can quantify the trade-off between the increased revenue from Catalyst A and the
significantly higher CAPEX required. In many cases, the lower-efficiency process proves to have a higher NPV due
to the drastically reduced initial investment.

Future Trends: Digital Twins and Sustainability

As the industry moves toward Digital Twins, the role of the Aspen Economic Evaluation family is expanding. Real-
time economic evaluation allows plants to adjust operations based on current utility prices and market demand.
Furthermore, with the increasing focus on Sustainability and Decarbonization, these tools are being used to
calculate the Cost of Carbon Abatement, helping firms choose the most cost-effective path to Net Zero.

In conclusion, the Aspen Economic Evaluation suite is not merely a costing tool; it is a comprehensive decision-



support system. By grounding financial estimates in rigorous engineering principles, it provides a level of project
certainty that is unattainable through traditional methods. For the technical professional, mastering this family of
tools is essential for driving project profitability and ensuring that engineered solutions are both technically sound
and economically viable. The seamless transition from a HYSYS heat and material balance to a detailed ACCE
project estimate represents the pinnacle of modern process engineering workflow, enabling a holistic view of the
plant lifecycle from inception to decommissioning.
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