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Assessing Manufacturing Capital Investments  

in a Global Market 

 

 
Abstract 

 
Manufacturing activities are becoming more global because of the need for manufacturers to be 

closer either to the sources of raw materials or the markets of the manufactured products or both.  

Oftentimes, the sources of both raw materials and products markets are located in foreign 

countries.  Thus, as a consequence of the rapid expansion of global economic activities some 

universities in the United States are now requiring their incoming freshmen to take a course in 

foreign language before graduation.  Therefore, it is appropriate to introduce students in a 

manufacturing engineering technology program to the tools that they may need to evaluate 

manufacturing projects in the global manufacturing market.  These projects may have inherent 

risks or uncertainties emanating from political instabilities in the countries where the projects are 

located, or from unproven technologies (such as deep-sea drilling of crude oil), or from the 

shortage of skilled labor.  Traditionally, capital projects with uncertainties have been evaluated 

using tools such as the net present value (NPV) capital asset pricing model coupled with 

sensitivity, break-even, or cash-flow scenario analyses.  These tools mainly examine the 

variability in projected cash flows of projects with uncertainties.  Alternatively, with adjusted net 

present value (ANPV) capital asset pricing model, each cash flow stream in a project is assigned 

an expected rate-of-return that is commensurate with the risks of the cash flow.  This allows for 

the decoupling of individual cash flow stream (e.g., capital outlays, revenue, taxes) and their 

subsequent proper evaluation rather than use a single rate-of-return as is done in the traditional 

net present value (NPV) model.  In this study, ANPV was used to evaluate the economic 

viability of a plastics plant in a foreign country and the results compared with those of the net 

present value (NPV) model. 

 

The primary intent of this study was to introduce manufacturing engineering technology students 

to capital investment analyses of manufacturing ventures in the international arena.  To assess if 

this goal was achieved, a survey was given at the beginning and at the end of the course to assess 

students’ learning outcomes.  The result of this study will be presented at the conference. 
 

Introduction 

 
In recent times one is cognizant of increased global activities in the manufacturing sector of the 

U.S. economy as some companies moved parts or all of their operations off-shore for various 

economic reasons.  Similarly, the U.S. has also seen within its borders the increased presence of 

foreign companies such as Toyota, Honda, and Hyundai.  An example of a product that 

illustrates the globalization of manufacturing activities is the Chrysler’s PT Cruiser, which was 

designed in Germany, manufactured in Mexico, and sold in the US.  Given this scenario, it 

seemed appropriate in a manufacturing engineering technology program at a Midwestern State 

University to introduce to its students, a tool for analyzing capital investments in a global 

manufacturing arena. 
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In this study students were assigned a project to create a plastics company that would 

manufacture disposable plastics knives, forks, and spoons to be sold to retailers like Wal-Mart.  

Using the costs of establishing the company (investment costs), costs of manufactured goods, 

taxes, and depreciation of fixed assets, they determined the NPV of the project.  The decision 

rule for NPV is to accept any project with a positive NPV and to reject projects with negative 

NPVs.  One is indifferent to projects with NPV=0. ANPV was subsequently used to evaluate the 

same project to see if a different financial decision could be reached with respect to the financial 

viability of the project. 

 

Theory 

 

According to modern finance theory, four steps are usually encountered in evaluating a capital 

investment opportunity.  These are 

 

(1) Forecast a project’s expected incremental after-tax cash flows; 

(2) Assess the project’s risk; 

(3) Estimate the opportunity cost of capital, that is, the interest rate of equivalent-risk 

investments traded in the capital market; 

(4) Calculate the Net Present Value (NPV) using the discounted cash-flow formula. 

 

NPV has been described as the present value of future cash flows minus the purchase price 

(investment costs).
1
  NPV is a central tool in discounted cash flow analysis and is a standard 

method for using the time value of money to appraise long-term projects.
1
  Mathematically, NPV 

can be expressed as follows: 
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where   NPV0 = net present value of a project 

  E(Xt) = expected cash flow in period t 

  E(R) = expected rate of return required by investors 

  E(It )  = expected investment expenditure in period t 

  E(Xt – It) = expected net cash flow in period t 

 

One of the major difficulties in using equation (1) resides estimating the required rate of return, 

E(R).  The solution to this problem is provided by the Capital Asset Pricing Model (CAPM), 

which describes the relationship between risk and expected return in an efficient market.  

Developed in the 1960s by Jack Treynor, William Sharpe, and John Lintner
2
, CAPM captures in 

a single statement, the concept that investors expect to be rewarded for undertaking risky 

projects over riskless projects.  In other words, investors are only willing to undertake risky 

projects if they are compensated with risk premia.  CAPM is expressed as 
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where βi = the relative volatility coefficient of the project i with respect to the market 

portfolio of projects. 

 RF = the risk-free rate of return for the period from t-1 to t.  

 E(Ri) = expected return on project i for the period from t-1 to t. 

 E(RM) = expected return on the market portfolio M; 

 Tildes (~) are used to denote random variables 

 

Equation (1) is based on the assumption that the Value Additivity Principle (VAP) holds. VAP 

states that the sum of the parts is always equal to the whole.  VAP allows us to adjust different 

cash flows under independent risk assumptions, and sum the results to obtain the total value of 

the project.  Using VAP, Lessard
3
 developed the Adjusted Net Present Value (ANPV) model for 

evaluating foreign and domestic projects.  Lessard’s ANPV model builds on the work of Myers
4
, 

who developed the Adjusted Present Value approach for evaluating projects in a world of 

imperfect capital markets where the interactions between financings and investment decisions 

must be considered to reasonably estimate the value of projects.  ANPV can be expressed as 
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The negative signs represent cash outflow while the positive signs represent cash inflow.  The 

expected rates of return, E(R1t) to E(R5t), can be different from each other depending on the risk 

premium associated with each cash flow. 

 

Class Project 

 

Students created a fictitious plastics manufacturing company that manufactured disposable 

plastics knives, forks, and spoons, which were packaged in a box containing 16 of each item.  

These products were sold to retailers such as Wal-Mart and Target. To make these products, the 

company had to invest in land, building, plastics injection molding machines, auxiliary plastics 

processing equipment, injection molds, and plastics raw materials (resins).  Provisions were 

made for the personnel required to successfully run the manufacturing operation.  All the costs 

establishing and operating the company are shown in appendix A.  The corporate tax rate used in 

this study was 35%. 
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Estimating the expected rate of return required by investors, E(R) 

 

In estimating the expected rate of return, the assumption was made that the company could be 

located in either the US or a Latin American country such as Peru.  For the US option, the risk 

free rate of return, RF was 6%, the market rate of return, RM, was 10% (S&P 500),
5
 the unlevered 

beta, β, for the company was 1.29.
6
  This is beta value for the diversified chemical industry, 

which is a close substitute for the plastics company’s beta value.  Substituting these values in 

equation (2) yields an expected rate of return of 11.2% for the plastics company. 

 

    %2.11%6%1029.1%6 USRE  

 

Estimating the E(R) for Peru with equation (2) seemed a bit more difficult because of sparse 

financial data to determine the Peruvian market rate of return, RM(Peru).  However, based on 

Peru’s bond rating, it was determined the Peru country risk premium relative to the US was 4%.
7
 

Therefore, the rate of return for the Peruvian option was estimated to be 15.2% (11.2% + 4%). 

 

Discussion of Results 

 

Net Present Value (NPV) 
 

In using equation (1) to estimate the net present value (NPV) of the plastics company based on 

its expected net cash flow, it was arbitrarily assumed that the life of the company was 15 years 

given that most chemical companies have an average gestation period of 20 years.  For the US 

option the NPV was $4.6 million (see appendix A) while for the Peru option it was $2.5 million 

(appendix B). According to the decision rule of NPV, the plastics company would be profitable 

in both countries.  However, it is worth higher if it is located in the US because of the country 

risk associated with locating the company in Peru.  Nevertheless, it should be noted that there are 

many factors such as foreign exchange risk and labor wages that play important roles in 

evaluating the financial viability of a company.  This study has considered only the country risk 

factor to illustrate the concepts of risk and risk premium associated with capital investment. 

 

Adjusted Net Present Value (ANPV) 
 

With ANPV, a project could be evaluated by examining the risk associated with each cash flow 

stream.  For instance, if the investors were from the US and the plant was located in the US or 

Peru, but all the products made by the company were sold in Peru.  Then the revenue cash flow 

would be subjected to the country risk, therefore, the revenue cash flow would be discounted 

using 15.2% rate of return while all the other cash flow streams would be discounted at 11.2%.  

With this scenario, the ANPV would be -$7.7 million (appendix C).  The NPV decision rule 

would suggest that the project not be undertaken because its net present worth was negative.  On 

the other hand, if the financing sources were Peruvian and the products manufactured in Peru but 

sold in the US market, then all the cash flow streams would discounted at 15.2% while in 

revenue cash flow would be discounted at 11.2% because the revenue was realized in US.  Given 

this scenario, the ANPV would be $14.8 million (appendix D) and NPV decision rule would 

suggest undertaking the project because of its positive value.  It should be noted that in both 

scenarios, transportation costs were not considered since it would have the same effect on the 
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project assuming the products were sold on F.O.B. (freight-on-board) basis. That is, the 

manufacturer of the products had the responsibility of shipping the products to a receiving port.  

 

Assessing Students Learning Outcomes 

 

Before the project was introduced to the students, the students were asked to describe in their 

own words their understanding of (1) time value of money, (2) interest rate, and (3) what interest 

rates measure?  Following the completion of the project, students were again asked to describe 

their understanding of the same concepts.  Table I shows the results of the survey, which 

indicates that students had a highly improved understanding of the concepts of money than they 

did of the concepts of risk and risk premium even though their understanding of the latter 

improved by 33%.  

 

Table I.  Survey of Investment Concepts 

Concept Before  After Difference 

Time Value of Money 8% 100% + 92% 

Interest Rate 0% 33% + 33% 

What Interest Rates Measure? 0% 33% + 33% 

 

 

Conclusion 

 

This study describes the use of a project to introduce students in a manufacturing engineering 

technology program the concepts of evaluating capital investments in the international 

manufacturing arena.  These concepts include the time value of money, risk, and risk premium, 

which are embedded in the net present value (NPV) and adjusted net present value (ANPV) 

formulae for evaluating capital projects in domestic and foreign countries.  This study showed 

that students understanding of these concepts improved after completing the project.  Also, this 

study showed how to successfully integrate technical and financial tools in an engineering 

technology program.   
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