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Abstract: Research was conducted regarding improving the primary method the Alabama Industrial 

Assessment Center (AIAC) uses to make recommendations to companies regarding the economic sustainability 

of implementing energy saving retrofits. Consistent with U.S. Department of Energy guidelines, the current 

decision-making criterion utilizes the payback period method. As noted in the literature, payback is an 

insufficient method for analyzing economic feasibility since it is a measure of liquidity rather than profitability. 

An Excel-based tool was developed that is able to use the information obtained by the AIAC in their facility 

assessment reports to make a more informed decision regarding the economic sustainability of the retrofit by 

using the time value of money technique. Analysis was conducted to provide default values for the interest rate 

and life of the recommended asset. A comparison to recommendations based on the payback method was 

conducted. 
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1. INTRODUCTION 

Proper use of energy in a building provides lower operating costs. This can be achieved by evaluating 

energy end-uses (lighting, electrical equipment, process equipment, and HVAC systems), and by 

implementing measures to reduce the amount of energy consumption for one or more of the end-uses. 

The manufacturing industry “consumes almost one-half of all the commercial energy used and is 

responsible for roughly similar shares of greenhouse gases” [1]. Replacing existing products with 

energy efficient ones can cut down energy costs tremendously especially in older facilities. Many such 

retrofits involve lighting, electrical equipment, and HVAC (heating, ventilation and air conditioning) 

systems.  

The Industrial Assessment Centers (IACs) are funded under the United States Department of Energy‟s 

Efficiency and Renewable Energy division. Their goal is to increase energy efficiency for            

small-to-medium-sized manufacturing companies throughout the United States. Many of their 

recommendations are for building energy retrofits that help lower the amount of energy used in the 

facility.  IAC teams, consisting of students and faculty from universities participating in the effort, 

make these energy assessments [2]. One of the 24 universities that participate in the IAC program is 

the University of Alabama. Consistent with the procedure described by Thurmann and Younger [3], 

the IAC‟s energy audit of a manufacturing facility is conducted in three phases. The first phase 

involves analyzing the data from the facility energy bills to determine what energy is used and how 

energy use is varied over time. The second phase consists of a plant walk-through inspection, looking 

carefully at each physical system within the facility and recording information for later use [3] the last 

phase is where specific energy-savings are identified for later implementation by the facility. The IAC 

team performs a detailed analysis supporting specific recommendations with related estimates of 

costs, performance and energy savings. Once the technical feasibility and expected energy-savings for 

each recommendation are reviewed, associated payback periods are then determined.  
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2. QUANTIFICATION OF ENERGY SAVINGS 

Consistent with Department of Energy procedures [2], the simple payback period method is the 

primary method the Industrial Assessment Centers utilize for determining whether implementing an 

energy saving retrofit is economically feasible for the client companies. The payback is an estimate of 

the time (in years) it will take to breakeven on the money invested. As noted by Newnan et al [4] and 

shown in Equation 1, the payback period only considers the cost of implementation and the annual 

savings. The payback period method is used by the IAC because of its simplicity.  Payback is easy to 

calculate and easy to understand by facility managers reading the reports.  

Payback Period = Cost of Implementation / Annual Savings                                                            (1) 

Academic scholars have long accepted the payback method to be flawed [e.g. 5].  “The payback 

method screens projects on the basis of how long it takes for net receipts to equal investment outlays 

without including any time value analysis” [6]. For example, Park [6] also notes that “the principal 

objection to the payback method is that it fails to measure profitability”, and that “simply measuring 

how long it will take to recover the initial investment outlay contributes little to gauging the earning 

power of the project”. Canada et al. [7] echo the observation that payback is a measure of liquidity, 

rather than profitability, and may lead to erroneous project selection.  Russell [8] states payback “is a 

risk assessment tool… [Not] a profitability metric.” ASHRAE [9] affirms these deficiencies: “This 

method only works if an alternative has a short or long payback period compared to some baseline. It 

does not account for inflation; the cost of borrowing money; variations in periodic costs and savings; 

salvage value; future one-time costs to maintain or repair equipment; nor opportunity costs. Most 

importantly, simple payback omits an important benefit; it does not account for savings that occur 

after the initial equipment cost is recouped.”  

More recently, Lewellen et al. [10] describe the business rationale for using the simple payback 

method. They note, “Businessmen seem to feel (1) that the requisite calculations are overly complex, 

(2) that they imply a degree of precision which is in fact uncharacteristic of many investment 

opportunities, and (3) that they are difficult to communicate effectively to the lower levels of the 

organization…” [10]. Similarly, Russell [8] explains “we rely on payback [because] our operating 

goals, budgets, bonuses, and rewards are fixed in an annual (time) format, [and that] simple payback 

seems to fit naturally in our calendar-driven world.” While Lewellen et al. [10] “sympathize” with the 

businessmen, they also point out the importance of taking into consideration the time value of money. 

They argue that time value of money techniques have been studied and ascertained as a well-

developed tool for calculating the viability of an investment.  

Vanek and Albright [11] define time value of money by explaining, “Money returned in the future is 

not worth as much as money invested today. The change in value of money over time due to these two 

trends is given the name time value of money.” The idea of time value of money is “the earlier a sum 

of money is received, the more it is worth, because over time money can earn more money, or 

interest” (Park, 2013). Time value of money methods of analysis include: present worth, annual cash 

flow, future worth, and benefit-cost ratio. These time value of money techniques have proved to be a 

very good for evaluating investments.  

3. SCOPE AND METHODOLOGY 

One of the major concerns with using the payback method is that the technique does not consider 

important factors such as time value of money or the effect of inflation. The purpose of this study is to 

provide the Alabama Industrial Assessment Center with an improved tool for evaluating energy 

saving retrofits for the manufacturing industry. The challenge will be developing a tool that balances 

simplicity of use with accurate profitability analysis.  
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Time value of money has been accepted in the academic and professional world as a very useful 

technique for assessing profit on investments, but there are reasons why industry professionals chose 

not to use time value of money techniques for performing assessments. One of the principal 

challenges for professionals attempting to use these approaches is determining values for some of the 

variables included in the formulas when evaluating real life retrofits. Two values that cause concern 

are “n”, “the expected life of the asset,” and “i”, “the interest rate per interest period” [4]. The value 

for “n” causes concern because many managers do not know how long the retrofit will last.  Similarly, 

the interest rate per interest period, “i” is where companies can apply their required rate of return or 

minimum attractive rate of return (MARR) value that can be computed. Many small companies like 

the ones assessed by the IAC, do not know what their MARR value is, and do not know how to 

compute the value. This research determined values acceptable for companies to utilize for their 

variables with guidelines for the companies to follow when using these values.  

Consideration of inflation is extremely important in the evaluation of energy savings. With energy 

prices steadily increasing, considering inflation is necessary to correctly assess these eco-friendly 

retrofits. Different dynamics can affect the cost of energy though. Those dynamics include: energy 

type, location, industry, and demand. According to Newnan et al. [4], inflation can be factored into 

the time value of money analysis as long as “f”, the inflation rate is defined. In this study, the inflation 

rate will be directly related to fluctuating energy costs.  

Russell [8] establishes the foundation for this research effort by noting that payback is “the wrong tool 

for energy project analysis [because] payback poses a two-step question in reaching one conclusion: 

(1) How long until I get my money back? ... (2) Is this an investment I should make?” These two 

questions can be combined into one question answered with yes or no: Will implementing the product 

be worthwhile? This is ultimately the question that investors want answered. Further, Russell [8] asks 

whether managers want to “continue to buy energy at-risk from the market, [or] save energy by 

reducing the volume at-risk? If they want to continue buying energy they are exposed to price 

fluctuations, but if they want to invest in energy saving alternatives they need to understand the 

economics of the investment”. The first step in this approach is determining the “annualized project 

cost” using time value of money techniques. Using this number he compares the cost to save energy 

to the cost to buy energy in a “cost-benefit ratio.” If the ratio is less than one, then the investment is 

worthwhile. Russell [8] then calculates the “break-even point” setting the “annualized project cost” 

equal to the “total value of annual energy savings.” If the “maximum acceptable up-front project cost” 

is less than the “actual cost” of investing in the project than the choice to invest can be affirmed. 

Russell [8] ends by comparing “payback vs. annualized cost analysis.” He asserts that “annualized 

cost analysis” performs all of the following functions where payback does not: “accounts for cash 

flows over the life of the improvement, incorporates time-value of money, provides basis for      

break-even cost evaluation, compares values of projects with different economic lives, permits      

real-time evaluations of the cost of waste, and measures the penalty for not taking action.” The 

“annualized cost analysis” is much more effective than the payback period method when evaluating 

energy saving retrofits, but the analysis stills has one substantial limitation. The analysis does not 

factor in inflation. Russell [8] agrees that the market exposes the consumer “to constant price 

volatility”, but neglects accounting for inflation in the assessment. Further, and consistent with other 

time value of money techniques, there is no guidance on determining some of the necessary variables 

(e.g. expected life of the asset).   

This thesis-based research investigated developing an alternative economic analysis technique 

expanded from Russell‟s [8] approach. The purpose of this research is to examine the methods 
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currently used, particularly simple payback, and develop an improved approach for evaluating the 

economic aspects of building energy retrofits. The enhanced method will incorporate time value of 

money and inflation to give managers a more accurate value for the return on investment. The 

alternative economic analysis technique will be implemented on a computer-based program to 

improve the technique‟s ease of use. This will allow managers who have little to no prior knowledge 

in engineering economics to make an informed decision regarding investing in energy saving retrofits. 

4. DESIGN AND DEVELOPMENT OF THE COMPUTER-BASED TOOL 

The most significant reason managers use the payback period method is because the method is simple 

to use, and easy to understand. For the economic analysis tool to be utilized, the tool must possess 

these same qualities. Utilization of a spreadsheet approach appeared reasonable. An integration of the 

observed methods and common input regarding energy analysis allowed us to create a spreadsheet 

that evaluates the profitability of the recommended retrofit. Excel was chosen as the software platform 

for many reasons. Excel is a widely-available program that is also inexpensive. Microsoft Excel also 

possesses the ability to perform the calculations necessary in the spreadsheet. According to Cahill and 

Kosicki [12], “spreadsheet software is relatively easy to use, and its flexibility makes it useful in 

many different courses at all levels of the traditional economics curriculum. Most economics students 

almost certainly will use it after graduation in both career and personal settings”.   

For the analysis to be made comparing the cost of the retrofit to the economic benefit of implementing 

the retrofit, the user must first know the cost associated with not implementing the product or doing 

nothing. Before the suggested tool can be utilized, certain numbers must be gathered from company 

data. These numbers include the cost to buy energy this year and last year, cost of investment 

(implementation cost), and energy savings. Many of these values are gathered from assessment data 

compiled by the Industrial Assessment Centers. For this analysis the annualized project cost is needed 

because “operating budgets are annual, energy savings are accounted annually, [the analysis will] 

compare annual cost to annual benefit, [and the analysis will] compare 3-year project(s) to                

10-or 5-year projects” [8]. Therefore uniform series capital recovery is used to calculate annual cost.  

In this analysis, the number of interest periods correlates to the expected service life of the retrofit. 

While the service life of a retrofit can be hard to determine, there is a system adopted by the United 

States Internal Revenue Service as a helpful guideline when determining the expected life of an 

investment [13]. “The Modified Accelerated Cost Recovery System (MACRS) method was created by 

the Tax Reform Act of 1986 (TRA 86) and is now the principal means for computing depreciation 

expenses” [7]. Newnan et al [4] explain the “three major advantages of MACRS are that (1) the 

„property class lives‟ are less than the „actual useful lives,‟ (2) salvage values are assumed to be zero, 

and (3) tables of annual percentages simplify computations.” The value from the property class will 

stand as the value for n in the spreadsheet. Most of the values for this assessment will fall between the 

3-and 7-year margins. The spreadsheet will default “n” as 3, but the value can be changed.  

Another problem encountered by company managers when using the capital recovery factor is 

determining what value to use for the interest rate. This is especially true for small companies. Some 

companies know the minimum attractive rate of return (MARR) value they will use, but for 

companies who do not know what their expected MARR value is, this is a problem. From research of 

applicable interest rates for this analysis, a value of 7% will be the default value. This value can be 

overridden. If the manager performing the analysis wishes to replace the value with the company‟s 

MARR value, they may do so. However, from information gathered 7% seems to be accepted as the 

average. This default value comes from an assessment of the values companies prefer to use. A 

limited series of interviews were conducted with Central Alabama accountants, and indicated that 7% 

was a suitable interest value for the energy saving implementations being employed.  
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The third component incorporated into this tool is inflation. Russell [8] ends his analysis by 

comparing the cost to save to the unit price of energy for the present year. This research takes the 

analysis one step further by incorporating an inflation factor into the time value of money approach 

[4]. To achieve an accurate value for inflation, the cost of energy from year to year has to be 

compared. The value could come from a total cost of energy last year compared to this year, or from 

the cost of energy per unit last year compared to this year. If last year‟s total energy expense is taken, 

a company would have to sum each month‟s bill from the previous year assuming they still had access 

to that information.  If a building was renovated or additions had been made, that could also influence 

the cost of energy for the year. A more accurate ratio would use the cost of energy per unit from last 

year to this year. This way if there are changes to the building those will not affect the energy 

inflation factor. To calculate inflation f, the cost of energy in the present year and the cost of energy 

from the previous year will be needed. This information is obtained from the company‟s bills. The 

cost of energy in the present year will be referred to as the cost to buy energy “this year,” and the cost 

of energy from the previous year will be referred to as the cost to buy energy “last year”. From 

inflation, the energy inflation factor is computed according to Newnan et al [4]. Using an “IF” 

statement in Microsoft Excel, the result of the cost-benefit analysis answers the question “will 

implementing the product be worthwhile?” Because this analysis is simple, and the life of most of the 

retrofits being considered will be only a few years, the inflation rate over the total life expectancy of 

the product will be assumed equal to the rate over the first year. The input for obtaining the inflation 

rate will come from the company‟s bills. If however the information cannot be gathered, the United 

States Energy Information Administration contains prices per unit separated into different industrial 

sectors ranging over a period of time [14]. During construction of the spreadsheet, there was no access 

to the company bills. Therefore, the cost to buy energy last year and this year came from “Electric 

Power Monthly – Average Retail Price of Electricity to Ultimate Customers by End-Use Sector, by 

State” [14]. The values used were from the industrial sectors in Alabama. 

Russell [8] first suggests calculating the annualized project cost using the “up-front project cost” and 

the capital recovery factor. The capital recovery factor is calculated first using the expected life of the 

asset n and the applicable interest rate i. From these, the annualized project cost is calculated. For this 

research, the up-front project cost will be referred to as the “cost of investment” or implementation 

cost.  Using the annualized project cost and “annual savings” the “annualized project cost per annual 

savings” is calculated per Russell [8] the annual savings will be referred to as energy savings and the 

annualized project cost per annual savings will be referred to as the cost to save in this research. From 

the cost-benefit analysis the breakeven point can be determined. Russell [8] describes the breakeven 

point as the “most that should be paid for the project, given certain investment criteria.” The 

breakeven analysis “determines the conditions where two alternatives are equivalent” [6]. For this 

analysis Russell [8] suggests the annualized project cost must equal the total value of annual energy 

savings, and the “maximum acceptable annualized project cost should be no more than [the] annual 

value of avoided energy purchases.” This is helpful for this specific research because the manager can 

see under specified criteria what the maximum acceptable implementation cost is. The analysis is not 

an additional analysis that must be used in order to determine if the retrofit must be implemented, but 

rather another way of looking at the data at hand. Russell [8] uses the “price per unit of energy” and 

“units of avoided energy consumption” to determine the “maximum acceptable annualized project 

cost”. The “price per unit of energy” and “units of avoided energy consumption” are known as the 

cost to buy energy and energy savings in this research. 
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Using the maximum acceptable annualized project cost and the capital recovery factor (CRF), Russell 

[8] calculates the maximum acceptable up-front project cost. In this paper, the maximum acceptable 

up-front project cost will be referred to as the maximum implementation cost. The maximum 

acceptable annualized project cost will be referred to as the maximum annualized project cost. The 

values for energy savings and the cost to buy will be taken from the cost-benefit analysis spreadsheet. 

Once the maximum acceptable cost of investment is calculated the break-even analysis can be 

completed by using an “IF” statement in Excel to compare the maximum acceptable cost of 

investment to the actual implementation cost noted in the economic analysis of energy retrofit of 

buildings spreadsheet. If the maximum acceptable cost of investment is greater than or equal to the 

implementation cost, the project is considered to fall within budget. An example of the formatted 

spreadsheet is depicted in Figure 1. Detailed instructions for the utilization and interpretation of the 

spreadsheets, for both modified cost-benefit and breakeven analysis, are provided in the user guide 

that accompanies the developed software.  

5. VERIFICATION AND VALIDATION 

Quality assurance software testing is required to find defects as well as to verify and validate the 

process. Laplante [15] explains that verification “determines whether the products of a given phase of 

the software development cycle fulfill the requirements established during the previous phase… 

[While] validation determines the correctness of the final program or software with respect to the 

user‟s needs and requirements.” To verify that the tool has been developed properly, hand calculations 

were made to ensure the values from the imbedded formulas are accurate, and the values obtained 

from the spreadsheet are correct. 

To test the spreadsheet, data from specific IAC assessment reports were used, including energy 

savings, energy cost savings, implementation cost, and simple payback period. The spreadsheet was 

then populated with the relevant data for this IAC recommendation in order to provide an initial 

comparative validation. When conducting the analyses, the variation in the inflation rate seemed to 

cause the results of the analyses to change significantly. For this reason, a sensitivity analysis was 

conducted on the inflation rate. The ratio increases are expected because as energy costs rise, 

confidence in implementing the energy saving retrofits increase. While considering inflation did alter 

the numeric results for the cost-benefit analysis and the break-even analysis, the overall results of 

whether or not to implement the retrofit did not change.  

 
Fig1. Completed spreadsheet 
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The results from the analysis coincide with the results from the payback period in most cases. The 

analysis assessment and the simple payback parallel each other quite well for retrofits with short 

payback periods (i.e. three years or less). While most of the assessment recommendations were 

confirmed, a few of the recommendations made according to the payback method were not in 

agreement with the results from the proposed economic analysis tool. These tended to have longer 

payback periods associated with the recommended retrofit. After the spreadsheet was validated, a user 

manual was developed to accompany it. The manual explains how the spreadsheet has been designed 

to work, what can be calculated, what information is necessary for implementation, how to insert data, 

and what interpretations can be drawn from the output. 

6. CONCLUSION  

The Alabama Industrial Assessment Center takes information gathered from the client company that 

they are assessing, and using that information along with a thorough evaluation of the facility, makes 

recommendations for esaving energy. To determine whether to subsidize the retrofits, the AIAC uses 

simple payback to establish the economic feasibility of the project. From a literature review, payback 

is deduced to be an insufficient method for analyzing economic feasibility, since payback is a measure 

of liquidity and not profitability. 

This research concluded the method by which recommendations are presently made by the AIAC 

should be altered. A new economic tool is proposed expanding Russell‟s (2009) approach for 

calculating the cost-benefit analysis and break-even point by turning the costs into an equivalent 

annuity. The economic analysis tool utilizes time value of money, inflation, and other relevant factors 

into the evaluation without complicating the process. The tool will help assessors make more 

informed decisions by using Excel as the computer-based program to perform the analysis. 

Deliverables include a detailed description of how the solution was obtained, a spreadsheet, a user 

guide, and verification that the spreadsheet works using actual data for a proposed facility retrofit.  

Actual AIAC report data was used to compare the recommendations made by the AIAC to the 

conclusions drawn from the economic analysis of buildings as well as the break-even analysis. The 

results from the study showed the new tool may in fact be a better analytical technique for 

determining whether recommendations made by the AIAC should be implemented. Comparing the 

results of the new tool, which takes into consideration time value of money and inflation, to the 

previous suggestions made in multiple AIAC reports, provided an initial validation of the spreadsheet 

approach. 

Using this spreadsheet as a foundation, further research can be conducted and improvements to the 

spreadsheet can be made. This analysis has investigated the economics relating to electricity. 

Analogous linked spreadsheets could be established to consider the cost of natural gas, fuel oil, or any 

other energy source that is relevant to the facility‟s retrofits. Further, as noted by Bonilla and Merino 

[16], to be realistic in any formal economic evaluation, the effect of income taxes must also be 

considered.  

REFERENCES 

[1] Ross, M,. 1992, Efficient Energy Use in Manufacturing. Proc. of the National Academy of 

Sciences of the United States of America, 89(3), 827-831. 

[2] United States Department of Energy, Energy Efficiency and Renewable Energy, 2011, “What is 

the IAC? – IAC Database”, Available: http:// iac.rutgers.edu/about.php.  

[3] Thurmann, A. and Younger, W.J., 2003, Handbook of Energy Audits, 6
th
 Edition, Liburn, GA: 

Fairmont Press. 



Computer-Based Tool for the Economic Analysis of Building Energy Retrofits

 

 
International Journal of Research Studies in Science, Engineering and Technology [IJRSSET]                78 

[4] Newnan, D. G., Eschenbach, T., and Lavelle, J. P, 2012, Engineering Economic Analysis, 11th 

Edition. New York: Oxford.  

[5] Weingartner, H. M., 1969, Some New Views on the Payback Period and Capital Budgeting 

Decisions, Management Science, 15(12), 594-607.  

[6] Park, C. S., 2013, Fundamentals of Engineering Economics, 3
rd

 Edition. Upper Saddle River, NJ: 

Prentice-Hall. 

[7]  Canada, J. R., Sullivan, W. G., and White, J. A., 1996, Capital Investment Analysis for 

Engineering and Management, 
2nd

 Edition. Englewood Cliffs, NJ: Prentice Hall.  

[8] Russell, C., 2009, “Energy Cost Control: How the Money Works”. Presentation to the U.S. 

Department of Energy Industrial Technologies Program, April 9, 2009.  

[9] American Society of Heating, Refrigerating and Air-Conditioning Engineers, Technical 

Committee 7.8, Owning and Operating Costs, 2007, “Life-Cycle Cost Analysis”. Available: 

http://www.ashrae.org/lifecycle.  

[10] Lewellen, W. G., Lanser, H. P., and McConnell, J. J., 2010, Payback Substitutes for Discounted 

Cash Flow, Financial Management, 2(2), 17-23.  

[11] Vanek, F. M. and Albright, L. D., 2008, Energy Systems Engineering Evaluation and 

Implementation, , New York: McGraw-Hill.  

[12] Cahill, M. and Kosicki, G., 2000, Exploring Economic Models Using Excel, Southern Economic 

Journal, 66(3), 770-792.  

[13] U.S. Department of Treasury, Internal Revenue Division, 2009, “Figuring Depreciation Under 

MACRS”, Available: http://www.irs.gov/publications/p946/ch04.html. 

[14] United States Department of Energy, Energy Information Administration, 2010, “Electric Power 

Monthly – Average Retail Price of Electricity to Ultimate Customers by End-Use Sector, by 

State”. Available: http://www.eia.doe.gov/cneaf/electricity/epm/table5_ 6_a.html.  

[15] Laplante, P.A., 2007, What Every Engineer Should Know about Software Engineering, 

Cleveland, OH: CRC Press,.  

[16] Bonilla, O. and Marino, D.N., 2010, “Economics of a Hydrogen Bus Transportation System: 

Case Study Using an After Tax Analysis Model, Engineering Management Journal, 22(3), 34-44. 

AUTHORS’ BIOGRAPHY 

Gary P. Moynihan is a professor in the Department of Civil, Construction and 

Environmental Engineering, the University of Alabama. He received his BS in 

chemistry, and MBA in operations management degrees from Rensselaer 

Polytechnic Institute, and a PhD in industrial engineering from the University of 

Central Florida. He currently serves as Assistant Director for the Alabama Industrial 

Assessment Center.  

Heather Estes holds both BS and MS degrees in civil engineering from the 

University of Alabama. Upon graduation, she has accepted a position as assistant 

project manager with Brasfield & Gorrie in Birmingham, Alabama.  

 

 

Daniel J. Fonseca is presently an Associate Professor with the Department of 

Mechanical Engineering at the University of Alabama. He previously taught at the 

Monterrey Institute of Technology campuses in Mexico City and Tampico.  He 

received his BSIE and MSIE Degrees from the University of Alabama and both MS 

and PhD Degrees in Engineering Science from Louisiana State University.  


