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Increases in population and technology will require an increase in the world’s energy
demand. Figure 1, shows the increase in world energy consumption for the past 200 years and
includes a breakdown of the energy sources utilized for consumption19. As shown in the figure,
the fossil fuels coal and oil have been the major energy sources since 1900. Environmental and
sustainability science discuss the IPAT equation, which suggests that the product of the
population (P), affluence (A), and technology (T) indicate the human impact (I) on the
environment 4. Therefore, careful consideration of the figures for population, affluence and
technology will allow a calculation of the approximate human impact generated on planet Earth.
Figure 1 – World Energy Consumption

As the increasing energy demand will put a strain on the environment if fossil fuel
sources continue to be used, renewable energy must be considered and used as a primary source.
Although they are currently the most economical and feasible technology available, fossil fuel
sources are finite, and reserves are being diminished, continuing the pattern shown in figure 1
would deplete the reserves to a point where extraction is no longer feasible 11. Fossil fuel
sources are economical because the existing technology is already in place and has been
reengineered to be cost effective. Whereas, renewable energy is still in its infancy and the
extremely high capital cost associated with renewables is often the factor that makes their
implementation unacceptable 20.
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Therefore, a major success factor for renewable energy projects is economic
performance. An after tax analysis (ATA) is an appropriate way to evaluate the economics of
implementing renewable energy projects because it considers the inherent taxes from a project’s
beginning to its end. The decision-making phase is the most appropriate time to complete the
after tax analysis because it will determine the point at which financial leverage is established
and identify cost parameters to follow throughout construction, implementation and
deconstruction of the project. Financial leverage is achieved when a project’s total Rate of
Return is optimized via borrowing and loans at after tax interest rates that are below the project’s
Internal Rate of Return (IRR). The utilization of financial leverage can increase a project’s risk
due to larger loans; however, it can be economically attractive and achievable for companies that
have greater borrowing power 18.

For renewable energy projects, the government is essentially a partner in capital
investments because they provide financial assistance in the form of tax breaks and production
tax credits. Capital expenditures become less burdensome due to depreciation rates, tax rates,
investment tax credits and capital gains taxes. Upon completion of the ATA, a sensitivity
analysis will determine how variation in the defined factors will affect the internal rate of return.
In conclusion, one great benefit of the ATA is the ability to adjust the financing design during
the planning stage by manipulating the parameters; and ultimately the most profitable solution
can be implemented 18.

This paper presents a case study depicting the cost of construction, implementation and
operation of a commercial wind farm with the application of life cycle costing using ATA. This
technique defines the life cycle cost for the entire operation: from financing the project, to
purchasing the equipment, and the project revenue. While this approach requires extensive
research to determine the parallel costs and revenue rates, the results from conducting an ATA
with life cycle costs allows for a solid final decision based on actual figures and predefined
economic criteria.
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The results from this analysis proved that due to using financial leverage and taking
advantage of production tax credits and power purchase agreements, a commercial wind farm is
an acceptable and profitable venture. The ATA incorporates pedagogical knowledge conveyed in
engineering economics courses such as the time value of money, the modified accelerated cost
recovery system (MACRS) of accelerated depreciation factor and associated depreciation values,
the debt/equity ratio, cash flow, net present value and breakeven point, internal rate of return and
minimum acceptable rate of return.

Case Study

An ATA model developed by Dr. Merino of Stevens Institute of Technology was utilized
to assess engineering economics figures of merit and determine project feasibility and acceptance
depending on the IRR and Net Present Value (NPV) of the project. Figure 2 depicts the
assumptions made for the case study; values were identified by conducting research on
comparable projects. The IRR is the evaluation factor for this project, therefore, as long as the
IRR is greater than the Minimum Acceptable Return Rate (MARR) the project is considered
acceptable. Since a great deal of research was conducted to make generalized assumptions, the
model may not accurately portray a real life situation, thus a sensitivity analysis must be
conducted, and this is further explained later.
Figure 2 – Assumptions Financial Inputs
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This wind farm consists of twenty-seven, 2.3 MWh electricity capacity turbines. The
total capacity of the wind farm is 62.1 MW. The turbines are assumed to be operational 24
hours per day for 365 days per year and the project life is 20 years. The large capital investment
associated with this project has led to an assumption of a 40% loan from a bank at a 6.5%
interest rate. The electricity will be sold via a power purchase agreement (PPA) rate of
$50/MWh for the entire 20 year operation. During the first 10 years, production tax credits will
be provided from government incentives for this project at $21/MWh. Modified Accelerated
Cost Recovery System (MACRS) depreciation rates are used to calculate depreciation and an
income tax rate of 39% is applied in the model.

Figure 3

The first component in the model is the Revenue. Figure 3 shows the years 0, 1, 19, and
20 of the project life, because of space considerations years 2-18 have been hidden. In figure 3,
you can see that for the year 0, no revenue is collected because during this time, the wind farm is
being constructed. In year 1, revenue generation begins. The entire 62.1 MW will not be
available at all times, thus a capacity factor of 43% was assumed for revenue calculations. The
energy sold is calculated by multiplying the electricity capacity/hr and the capacity factor. The
escalation factor was assumed from the financial input to increase at a rate of 2% per year. The
electricity rate is determined by multiplying the PPA rate and the escalation factor. At year 20,
$17,380 of revenue is generated. Throughout the entire project life, a total of $289,864 of
revenue is generated.
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Figure 4

Figure 4 shows the operating and maintenance (O&M) costs for the project. These
figures were assessed based on research of comparable projects. Costs are included for the land
and property taxes, for the O&M costs of the turbines, management costs, and a buffer for other
costs associated with this project that may come up. Figure 5 indicates depreciation rates for
depreciable capital.
Figure 5
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Depreciable capital includes the turbine components and the foundation, the development
cost (used to prepare equipment for operation). The non-depreciable capital is negligible since
the equipment cost will account for most of the total cost. The working capital is assumed
during construction to be $350K, this figure is returned to the project at Year 1.

The complete ATA is shown in figure 6, please note only years 0, 1, 2, 19, 20 and the
total figures are portrayed due to space constraints. The values from the previous figures have
been inserted here to identify the IRR and Net Present Value (NPV) of the total project.
Breakeven occurs in year 10 when the NPV becomes a positive figure. The total NPV of this
project is $19,221 at the end of year 20. The IRR is calculated to be 14.5%, this figure is higher
than the MARR of 9.5%, and therefore, the project is acceptable.
Figure 6
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A sensitivity analysis is shown in figure 7. The model inputs were varied to identify
which variables have the greatest effect on the IRR and the NPV. By carefully controlling these
factors, or assessing maximum costs that can be incurred for these variables during the decision
making phase, purchases can be made accordingly in order to maximize profitability. The
identified variables analyzed were Power Purchase Agreement (PPA) Rate, Turbine Price, and
loan rate.
In figure 7, the PPA Rate and Turbine Price are analyzed and the results are graphed.
Varying the figures by ±20% yields a change in the NPV. Results show that these values have a
significant effect on the NPV, however, in all cases, the NPV remains positive, therefore the
project remains profitable. The amount of profitability of the project is also very dependent on
the loan percentage, depicted in figure 8. The best case and most profitable scenario would be to
increase the PPA rate by 20% to $60 and decrease the Turbine Price by 20% to $82,856.
However, even if they were both changed to the worst case scenario (decrease PPA Rate to $40
and increase Turbine Price to $124,284), the NPV would still be positive and the IRR would
make it an acceptable project. In conclusion, if these conditions are met, this project should be
taken on due to the positive figures of merit and the investment in renewable technology and
cleaner electricity generation.
Figure 7
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Finance is leveraged when the owner of the project seeks a loan for the capital
investment. The loan percentage greatly affects the IRR and NPV of the project. Also, the
greater the loan amount and less equity invested in the project, the less risky the investment is for
the owner of the project12. Figure 8 shows this analysis; note the increasing NPV and IRR with
the increasing loan percentage.

Figure 8

Case Study Application in the classroom

By applying this case study, students will understand the financial variables that must be
considered for renewable energy projects, and specifically for a commercial wind farm. They
will learn how to conduct the research to identify the financial components and during this
research they will understand how a commercial wind farm yields profits and generates revenue;
they will learn about and understand the technical components and capital investments of a wind
farm and financial components of renewable energy generation, in this case, the power purchase
agreement rate. The ATA will show the students how to vary the figures to achieve the goal of
an IRR that is greater than the MARR.
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Finally, the students will learn how to identify the figures that have the greatest impact on
the IRR and NPV by varying the parameters in the model. They will learn how to apply a

sensitivity analysis based on the figures that have the greatest impact on the IRR and NPV.
Through application of the sensitivity analysis, students can vary the parameters to understand
how an increase or decrease in the most sensitive factors will affect the acceptability of the
project. Conversely, by varying the figures, such as the loan, interest rate, PPA rate, assumptions
can be made on project profitability via the change in IRR and NPV. Application of this case
study will generate an understanding of renewable energy terminology as well as a deeper
understanding of how the figures of merit are interrelated and how they are affected by the
variables of renewable energy projects.

Bibliography:
1. Bastian, N. D., & Trainor, T. E. (2010). Going Green at West Point: Is it Economically Beneficial? A Cost-

Page 24.262.10

Benefit Analysis of Installing a Wind Farm at the United States Military Academy. Engineering
Management Journal, 22(3), 12-20.
2. Bonilla, O., & Merino, 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.
3. Bonilla, Oscar, Donald N. Merino, Michael Raftery, Tamara Wainer, and Rashmi Jain. (2012) "A Systems
Model for Commercializing Emerging Technology: Wave Energy Farm System (WEFS) Case Study."
International Journal of Industrial and Systems Engineering
4. Braida, Washington. (2012). EN:530 (Introduction to) Sustainable Engineering [PowerPoint slides]
5. Environmental Energy Technologies Division (EETD). (March 29, 2007). Wind Power and the Production
Tax Credit: An Overview of Research Results. Presented to The Senate Finance Committee. Retrieved
from: http://eetd.lbl.gov/EA/emp/reports/wiser-senate-test-4-07.pdf
6. Environmental Energy Technologies Division (EETD). (2009) 2009 Wind Technologies Market Report.
Retrieved from: http://eetd.lbl.gov/sites/all/files/publications/lbnl-3716e.pdf
7. Environmental Energy Technologies Division (EETD). (2008) 2008 Wind Technologies Market Report.
Retrieved from: http://eetd.lbl.gov/sites/all/files/2008-wind-technologies.pdf
8. European Wind Energy Association. (2007). Annual Report on U.S. Wind Power Installation, Cost, and
Performance Trends: 2007. Retrieved from: http://eetd.lbl.gov/sites/all/files/publications/report-lbnl275e.pdf
9. European Wind Energy Association. (2006). Annual Report on U.S. Wind Power Installation, Cost, and
Performance Trends: 2006. Retrieved from: http://eetd.lbl.gov/sites/all/files/publications/report-lbnl62702.pdf
10. European Wind Energy Association. (2004). Wind Energy – The Facts Volume 2 Costs and Pries.
Retrieved from:
http://www.ewea.org/fileadmin/ewea_documents/documents/publications/WETF/Facts_Volume_2.pdf
11. Graedel, T.E. and Allenby, B.R. (2009) Industrial Ecology and Sustainable Engineering. Prentice Hall.
12. Lang, H. J., and Merino, D. N. (1993). The selection process for capital projects. New York, NY: John
Wiley & Sons, Inc.

13. Merino, Donald N, PhD., P.E. (2010). Some observations on green economics. Engineering Management
14.
15.
16.
17.
18.

19.
20.

21.
22.
23.

Journal, 22(3), 1. Retrieved from
http://ezproxy.stevens.edu/login?url=http://search.proquest.com/docview/863242040?accountid=14052
Merino, Donald M., “Fall 2011 – Part 3.0 Final Project Introduction”, EM620 course material, Stevens
Institute of Technology, (2011).
Merino, Donald M., “Fall 2011 – Part 3.a ATA Model Introduction”, EM620 course material, Stevens
Institute of Technology, (2011).
Merino, Donald M., “Fall 2011 – Part 3.b Crystal Ball Fit Case Instruction, EM620 course material,
Stevens Institute of Technology, (2011).
Merino, Donald M., “Fall 2011 – Part 3.c Cost Estimation Report Instruction”, EM620 course material,
Stevens Institute of Technology, (2011).
Merino, Donald N,PhD., P.E., & Gandhi, S. J. (2012). SOME OBSERVATIONS FROM THE SPECIAL
ISSUE EDITORS ON GREEN ECONOMICS. Engineering Management Journal, 24(4), 1-2. Retrieved
from
http://ezproxy.stevens.edu/login?url=http://search.proquest.com/docview/1434438772?accountid=14052
Rana, Vishwajeet. (2011). The Energy Economics of Financial Structuring for Renewable Energy
Projects. (Doctoral Dissertation). Retrieved from ProQuest. (3467236).
Tverberg, Gail. (2012, March 12). World Energy Consumption Since 1820 in Charts. Ourfiniteworld.com.
Retrieved November 5, 2013, from http://ourfiniteworld.com/2012/03/12/world-energy-consumption-since1820-in-charts/
Vanek, F., Albright, L., & Angenent, L. (2012). Energy Systems Engineering Evaluation and
Implementation 2/E. McGraw-Hill Professional Publishing.
Wang, H. S., Spohn, K. M., Piccard, L., & Yao, L. (2010). Feasibility Study of Wind Power Generation
System at Arctic Valley. Engineering Management Journal, 22(3), 21-33.
Xu, Guoquan, Li, Yiqun, Alsaedi, Sultan, and Collins, Sloan. (2010). Final Term Project: Wind Farm
Projet Life Cycle Cost Estimation.

Page 24.262.11

