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Engineering economy is the rigorous application of economic principles to the evaluation of design and engineering
alternatives. In the modern industrial landscape, technical proficiency alone is insufficient for project success.
Engineers must also be economists, capable of justifying their designs through fiscal performance and long-term
viability. This discipline bridges the gap between pure technical feasibility and financial profitability, ensuring that
resources—capital, labor, and time—are allocated to their most productive uses.

At the heart of this discipline lies a set of foundational guidelines known as the 7 Principles of Engineering
Economy. Originally popularized by figures such as Eugene L. Grant, these principles provide a structured
methodology for comparing technical solutions. They serve as the bedrock for calculating the Time Value of

Money (TVM), conducting Net Present Value (NPV) analyses, and performing Internal Rate of Return (IRR)
assessments. By adhering to these principles, organizations can mitigate risks and optimize their capital investment
portfolios.

The Theoretical Framework of Engineering Economics

Before diving into the specific principles, it is essential to understand the context in which they operate. Engineering
economics is fundamentally about problem-solving. It operates under the premise that for every technical
challenge, multiple solutions exist, and each solution carries distinct economic implications. The goal is not merely
to find a solution that works, but to find the optimal solutionthat provides the highest value for the lowest cost
over its lifecycle.

There are two primary types of efficiency in this context:

¢ Technical Efficiency: The ratio of physical output to physical input. A machine that produces more units with
less energy is technically efficient.

e Economic Efficiency: The ratio of dollar value of output to dollar value of input. A process that produces a
higher return on investment (ROI) is economically efficient.

The 7 principles ensure that engineers do not focus solely on technical efficiency while ignoring the economic
constraints that govern the survival of a firm.

1. Develop the Alternatives

The first principle states that a decision problem cannot exist unless there are at least two alternatives to choose
from. The quality of a decision is limited by the quality of the alternatives considered. In many cases, the most
significant error in engineering management is the failure to identify the best possible alternative because it was
never placed on the table.

The Search for Alternatives

Identifying alternatives requires a mix of creativity and technical expertise. Engineers should look beyond the
obvious. This includes:

e The "Do-Nothing" Alternative: In many scenarios, the baseline should be maintaining the status quo. If no



other alternative can outperform the current state, no investment should be made.
¢ Incremental Improvements: Modifying existing systems rather than total replacement.
¢ Radical Innovation: Implementing entirely new technologies or processes.

A rigorous engineering study must document the criteria used to filter these alternatives, ensuring that only those
that are technically feasible proceed to the economic evaluation phase.

2. Focus on the Differences

This principle is the cornerstone of incremental analysis. It posits that only the differences in expected future
outcomes among the alternatives are relevant to the decision. Outcomes that are common to all alternatives can be
disregarded in the final comparison.

The Sunk Cost Trap

A critical component of this principle is the exclusion of sunk costs. A sunk cost is an expenditure that has already
occurred and cannot be recovered. In engineering economics, past costs are irrelevant because they cannot be
changed by any future action. Decisions must be based purely on prospective costs and revenues.

For example, if a company spent $1 million on a prototype that failed, that $1 million should not influence the
decision to pursue a new design. Only the future costs of the new design versus the future costs of further
modification are relevant.

3. Use a Consistent Viewpoint

To ensure a fair comparison, all outcomes must be evaluated from a consistent perspective. Typically, this is the
viewpoint of the entire organizationor the owners of the firm. Changing the perspective mid-analysis can lead to
sub-optimal decisions.

Defining the Scope

If an engineer evaluates a project only from the perspective of their specific department, they might choose an
alternative that saves their department money but increases costs for the manufacturing or logistics departments.
By maintaining a "firm-wide" viewpoint, the analyst captures the true net impactof the decision on the
organization's bottom line.

4. Use a Common Unit of Measurement

To compare "apples to oranges," engineers must convert all outcomes into a common denominator. The most
practical and universal unit is money. However, because money has a different value over time, we must account
for the Time Value of Money (TVM).

Mathematical Symbols and TVM Formulas

In engineering economic analysis, we use standardized notation to represent financial variables:

e P: Present value or present worth.

e F: Future value at the end of n periods.

¢ A: Annual equivalent (a series of equal end-of-period payments).
i Interest rate or Minimum Attractive Rate of Return (MARR).

¢ n: Number of compounding periods (years, months, etc.).

The fundamental formula to convert a present sum into a future sum is:



F=P1+i)n

By converting all future costs and benefits into their Present Worth (PW), we can compare alternatives on a level
playing field.

5. Consider All Relevant Criteria

While the common unit of measurement is money, not all decision factors can be easily quantified in dollars. This
principle reminds the engineer to include qualitative factors or "intangibles" in the final decision-making process.

Qualitative vs. Quantitative Factors



Quantitative Factors (Monetary) Qualitative Factors (Non-Monetary)

Initial Capital Investment Employee Morale and Safety

Annual Operating Costs Environmental Impact & Sustainability
Salvage Value Brand Reputation and Public Image
Tax Implications (Depreciation) Flexibility for Future Expansion

If two alternatives have nearly identical Net Present Values, the decision will likely be dictated by these qualitative
criteria. For instance, a slightly more expensive machine might be chosen if it offers a significantly lower carbon
footprint, aligning with the company's ESG (Environmental, Social, and Governance) goals.

6. Make Uncertainty Explicit

The future is inherently uncertain. Estimates for equipment life, maintenance costs, and market demand are rarely
100% accurate. Principle 6 requires that these uncertainties be acknowledged and analyzed through sensitivity
analysis or probabilistic modeling.

Risk Analysis Techniques

1. Sensitivity Analysis: This involves changing one variable (e.g., the interest rate) while keeping others
constant to see how it affects the project's viability. If a 1% increase in interest makes the project unprofitable, the
project is highly sensitive to interest rates.

2. Break-Even Analysis: Determining the point at which revenues exactly equal costs. For instance, how many
units must be sold to cover the initial investment?

3. Monte Carlo Simulation: Using computer algorithms to run thousands of scenarios with varying inputs to
determine the probability distribution of potential outcomes.

By making uncertainty explicit, engineers provide management with a range of possible outcomes rather than a

single, potentially misleading number.

7. Revisit Your Decisions

The final principle emphasizes the importance of monitoring performance. Once a project is implemented, the
actual results should be compared against the initial estimates. This process is often called a post-audit.

The Feedback Loop
Reuvisiting decisions serves two purposes:
e Accountability: It ensures that the estimates provided during the planning phase were realistic.
e Learning: It allows the organization to identify systematic errors in their estimation processes. If maintenance

costs are consistently 20% higher than estimated across multiple projects, the organization must adjust its future
estimation models.

This principle transforms engineering economy from a static calculation into a dynamic, continuous improvement
process.

Practical Implementation: A Step-by-Step Field Guide



Applying the 7 principles in a real-world engineering project follows a standardized workflow. Below is a procedural
checklist for conducting an engineering economic study:

Step 1. Problem Definition

Clearly state the objective. Is it to increase production capacity, reduce waste, or comply with new safety
regulations?

Step 2: Information Gathering

Collect data on initial costs, expected life of assets, salvage values, and annual operating expenses. Consult with
the accounting department for the current MARR (Minimum Attractive Rate of Return).

Step 3: Alternative Selection

Brainstorm at least 3-5 viable alternatives. Ensure the "Do-Nothing" option is included as a baseline.

Step 4. Cash Flow Modeling

Create a Cash Flow Diagram (CFD)for each alternative. Upward arrows represent receipts (income), and
downward arrows represent disbursements (expenses). This visual tool is crucial for Principle 4 (Common Units).

Step 5. Comparative Analysis

Calculate the Net Present Value (NPV) for each alternative using the formula:
NPV =:2u'B 0 f 2’e¢EO O —&—F— A —avestment
Where Rt is the net cash flow at time t.

Step 6: Sensitivity and Risk Assessment

Apply Principle 6 by testing "what-if" scenarios. What if the project life is only 5 years instead of 10? What if fuel
costs double?

Step 7: Selection and Implementation

Select the alternative with the highest NPV (or lowest Equivalent Uniform Annual Cost) while weighing the
qualitative factors from Principle 5.

Case Study: Machine Replacement Analysis

To illustrate these principles, consider a manufacturing plant evaluating whether to keep an old milling machine
(Defender) or replace it with a new, high-speed CNC machine (Challenger).

Applying Principle 2: Focusing on Differences

The old machine was purchased for $50,000 five years ago. This is a sunk costand is ignored. We only look at its
current market value ($10,000) and its future operating costs.

Data Comparison Table



Metric Old Machine (Defender) New Machine (Challenger)

Current Market Value / Investment $10,000 (Opportunity Cost) $60,000
Annual Operating Cost $15,000 $5,000
Remaining Useful Life 3 Years 6 Years
Salvage Value (End of Life) $2,000 $10,000

By calculating the Equivalent Uniform Annual Cost (EUAC)for both, the engineer can determine if the $10,000
annual saving in operating costs justifies the $50,000 additional investment for the new machine. This analysis
directly utilizes Principle 4 (Common Units) and Principle 3 (Consistent Viewpoint).

Overcoming Common Operational Challenges

In practice, engineering economic analysis faces several hurdles. One common failure mode is the over-
estimation of benefits(optimism bias). Project proponents often overestimate the revenue a new technology will
generate while underestimating the time required for commissioning.

Solution: The Reference Class Forecasting Method

Instead of relying purely on theoretical estimates, analysts should look at similar projects completed in the past. If
previous machine installations took 20% longer than planned, the current project schedule should be adjusted
accordingly. This aligns with Principle 7 (Revisit Decisions).

Another challenge is ignoring the cost of capital. Engineers often use a 0% interest rate, essentially treating
money today as equal to money in the future. This violates Principle 4 and leads to the selection of projects that
destroy value. Always ensure the MARRreflects the firm's actual cost of borrowing and the risk profile of the
project.

Strategic Implications for Engineering Leadership

The application of these seven principles transcends simple accounting; it is a strategic imperative. As global
competition intensifies and resources become scarcer, the ability to perform rigorous economic evaluations
becomes a competitive advantage. Engineering economy provides the language through which engineers
communicate with executive leadership. By presenting technical projects in terms of Present Worth, Payback
Period, and Risk Mitigation, engineers can secure the funding necessary for innovation.

Furthermore, these principles support the transition toward a Circular Economy. By evaluating the full lifecycle
costs (including disposal and environmental remediation), engineering economy encourages the design of products
that are durable, repairable, and recyclable. This holistic view ensures that long-term sustainability is not just a
moral choice, but an economically sound one.

Ultimately, the mastery of engineering economy allows professionals to navigate the complexities of modern
industry with confidence. Whether managing a small-scale equipment upgrade or a multi-billion dollar infrastructure
project, the 7 principles provide a reliable framework for making decisions that are technically sound, financially
responsible, and strategically aligned with the future of the organization.
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