Net Present Value (NPV)
DEFINITION:

The calculation of NPV involves three simple yet nontrivial steps. The first step is to identify the size and timing of the expected future cash flows generated by the project or investment. The second step is to determine the discount rate or the estimated rate of return for the project. The third step is to calculate the NPV using the equations shown below: 
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Definition of Terms

Initial Investment: This is the investment made at the beginning of the project. The value is usually negative, since most projects involve an initial cash outflow. The initial investment can include hardware, software licensing fees, and startup costs. 
Cash Flow: The net cash flow for each year of the project: Benefits minus Costs.

Rate of Return (r): The rate of return is calculated by looking at comparable investment alternatives having similar risks. The rate of return is often referred to as the discount, interest, hurdle rate, or company cost of capital. Companies frequently use a standard rate for the project, as they approximate the risk of the project to be on average the risk of the company as a whole.

Time (t): This is the number of years representing the lifetime of the project.  

A company should invest in a project only if the NPV is greater than or equal to zero. If the NPV is less than zero, the project will not provide enough financial benefits to justify the investment, since there are alternative investments that will earn at least the rate of return of the investment.

In theory, a company will select all the projects with a positive NPV. However, because of capital or budget constraints, companies usually employ a concept called NPV Indexes to prioritize projects having the highest value. The NPV Indexes are calculated by dividing each project’s NPV by its initial cash outlay. The higher the NPV Index, the greater the investment opportunity. 

The NPV analysis is highly flexible and can be combined with other financial evaluation tools such as Decision Tree models, and Scenario and Monte Carlo analyses. Decision Trees are used to establish the expected cash flows of multiple cash flows each one having a distinct probability of occurring. 

The expected cash flows are then calculated from all the possible cash flows and their associated probabilities. NPV and Scenario Analysis are combined by varying a predetermined set of assumptions to determine the overall impact on the NPV value of the project. Finally, Monte Carlo analysis provides a deeper understanding of the relationship between the assumptions and the final NPV value. The Monte Carlo analysis calculates the standard deviation or ultimate change of NPV by using a set of different assumptions that dominate the end result.
FORMULA/EQUATIONS:
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Net Present Value (NPV) uses a discount rate or the opportunity cost of capital to reduce the expected free cash flows and the project’s terminal value. The goal of the NPV equation is to determine the value created from the underlying investment. 

The main formula to calculate the NPV is as follows: 
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This equation can be simplified when expressed in mathematical terms:
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Definition of Terms 
Initial Investment: This is the investment made at the beginning of the project. The value is usually negative, since most projects involve an initial cash outflow. The initial investment can include hardware, software licensing fees, and startup costs. 

Cash Flow: The net cash flow for each year of the project: Benefits minus Costs. 

Rate of Return (r): The rate of return is calculated by looking at comparable investment alternatives having similar risks. The rate of return is often referred to as the discount, interest, hurdle rate, or company cost of capital. Companies frequently use a standard rate for the project, as they approximate the risk of the project to be on average the risk of the company as a whole. 

The NPV concept can also be applied to an entire company, not just a particular investment. In this case, the same NPV equation applies but the terms of the equation may change slightly: 
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Definition of Terms 
Expected Free Cash Flow (EFCFt): The Expected Free Cash Flow is the mean value of all the probable cash flows after the expenditures are paid-off. 

Weighted average cost of capital (WACC): The Weighted Average Cost of Capita (WACC) is the hurdle rate or discount rate. The WACC represents the level of risk of the company, according to its line of business. For instance, investing in a company dedicated to oil drilling is more risky than investing in a U.S. bond. Thus, the WACC of the oil company will be significantly higher than the WACC of the bond. The WACC value is calculated by looking at the returns of securities (e.g., stocks and bonds) with a risk profile similar to the one of the company being evaluated. 

Terminal Value (TV): The terminal value concept is used when calculating the NPV of cash flows beyond the usual five years. The assumption here is that companies will have a lifespan greater than that. The terminal value calculates the value of future cash flows growing at a predetermined rate. 

Total Project Years (n): Total number of years before terminal value is calculated.

There are multiple equations derived from the standard NPV equation that will deviate, depending on the type of cash flows. These equations have been determined for these specific cash flow scenarios: 

1- Simple Cash Flows
Cash flows: Single cash flow in a specified period in time in the future
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Definition of Terms
Cash Flow Year (t): The cash flow or cash after all the expenditures are paid-off on year t. 

Rate of Return (r): The rate of return is calculated by looking at comparable investment alternatives having similar risks. The rate of return is often referred to as the discount, interest, hurdle rate, or company cost of capital. Companies frequently use a standard rate for the project, as they approximate the risk of the project to be on average the risk of the company as a whole.  

2- Annuities
Cash flow: Constant cash flow occurring at regular time intervals during a fixed period of time
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Definition of Terms 
Cash Flow Year: The cash flow or cash after all the expenditures are paid-off on year t. 

Rate of Return (r): The rate of return is calculated by looking at comparable investment alternatives having similar risks. The rate of return is often referred to as the discount, interest, hurdle rate, or company cost of capital. Companies frequently use a standard rate for the project, as they approximate the risk of the project to be on average the risk of the company as a whole. 


3- Growing Annuities
Cash flows: Cash flows growing at a constant rate over a period of time. 
Equation:
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This equation requires r>g

Definition of Terms 
Rate of Return (r): The rate of return is calculated by looking at comparable investment alternatives having similar risks. The rate of return is often referred to as the discount, interest, hurdle rate, or company cost of capital. Companies frequently use a standard rate for the project, as they approximate the risk of the project to be on average the risk of the company as a whole. 

Expected Growth (g): The expected growth of the annuity over time. 

4- Perpetuities
Cash flow: Constant cash flow at regular intervals in perpetuity or forever
Equation:
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Definition of Terms
Cash Flow: The average or constant cash flow after all the expenditures are paid-off.

Rate of Return (r): The rate of return is calculated by looking at comparable investment alternatives having similar risks. The rate of return is often referred to as the discount, interest, hurdle rate, or company cost of capital. Companies frequently use a standard rate for the project, as they approximate the risk of the project to be on average the risk of the company as a whole. 

5- Growing Perpetuities
Cash flows: Cash flow that is expected to grow at a constant rate in perpetuity
Equation: 
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Definition of Terms
Cash Flow: The cash flow or cash after all the expenditures are paid-off.

Rate of Return (r): The rate of return is calculated by looking at comparable investment alternatives having similar risks. The rate of return is often referred to as the discount, interest, hurdle rate, or company cost of capital. Companies frequently use a standard rate for the project, as they approximate the risk of the project to be on average the risk of the company as a whole. 

Growth Rate (g) = growth rate of the cash flows

BENEFITS:
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Net Present Value (NPV) is one of the most robust financial tools available to analyze any type of investment or activity. NPV has four key elements to evaluate an investment: 
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Time Value of Money. NPV recognizes the concept that a dollar earned today is worth more than a dollar earned five years from now.
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Cash Flows. NPV calculates a project’s expected cash flows and includes the unique risks of obtaining those cash flows. Using NPV helps to eliminate accounting inconsistencies, since the cash flows represent the benefits of the project, not just the profits.
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Risks. NPV incorporates the risks associated with a project via the expected cash flows and/or discount rate. 

[image: image17.png]


Flexibility. NPV provides flexibility and depth, since the NPV equation can adjust for inflation and be used with other tools such as Scenario analysis and Monte Carlo simulation. 

The NPV concept is being used more and more in corporate America as a substitute for other financial evaluation tools such as Internal Rate of Return (IRR) and Total Cost of Ownership (TCO). NPV is consistent with maximizing the value of a firm and is used by investors in the evaluation of a company or in capital budgeting decisions when comparing the value of different projects.

LIMITATIONS:
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Net Present Value (NPV) is one of the best financial tools to establish the value of a project or investment. The many benefits of using NPV have lead to widespread acceptance in the Information Technology industry. Despite its many benefits, NPV has some limitations of which managers need to be aware. 


Cash Flows and Discount Rate
An NPV analysis has two main inputs: cash flow and cost of capital. Cash Flow represents the forecasted Net Benefits during the project’s lifetime. In most real-life situations, determining the cash flow is not an easy task, considering the number of assumptions and expectations underlying the actual cash flow. 

To add to the muddle, the cost of capital or discount rate is also difficult to estimate.. There are several ways to approximate the discount rate but the most common is to look for an investment of equivalent risk whose discount rate is known. But finding a comparable investment in capital markets is easier said than done. 

Companies overcome these difficulties by using a standard discount rate called the hurdle rate. All projects are discounted using this hurdle rate, despite their different risk profiles. This approximation will undervalue or overvalue projects, decreasing the overall accuracy. 

In summary, NPV is one of the best tools to evaluate an investment; however, the inputs and assumptions that go into the equation ultimately determine the quality of the overall result. Therefore, the inputs of the equation along with the assumptions take center stage as these need to accurately represent the underlying dynamics and uncertainties of the project. 

Availability of Capital
It is assumed that a company using NPV calculations will invest in any project with positive NPV, regardless of the capital required. Capital is assumed to be readily available, no matter how much is needed or what are the constraints on the corporation. This is rarely the case because access to capital markets is limited according to the overall performance of the company. Therefore, projects with large NPVs may be foregone, given the capital requirements for the company.


Option Investments
The capital requirements of a project may change over time, requiring decisions along the way that may change the risk profile of the project. NPV uses information known at the time of the completion of the analysis. It is calculated in a static manner that does not allow for any future changes. The rigidity of this assumption will tend to underestimate the value of some projects. There is a methodology called Real Options that takes the main benefits of the NPV concept while providing the flexibility of uncertainty and risk.

