Determining Probabilistic Estimates of Net Present Value for US Offshore Wind Projects

Constance McDaniel Wyman, The University of Texas at Austin, Phone 512-431-7061, Email constanceanne@sbcglobal.net
Christopher Jablonowski, The University of Texas at Austin, Phone 512-471-6262, Email cjablonowski@mail.utexas.edu

Overview
Wind power is the fastest growing sector of electricity generation in the world with installed capacity increasing from 2,500 MW in 1992 to 120,800 MW at the end of 2008.  The development of offshore wind resources has become a key component of this growth, however, offshore wind power is a fledgling industry in the United States that must contend with numerous challenges.  These range from technical and design environment considerations, to regulatory and impact uncertainty, to concerns about cost and economic viability.  To be economical, offshore wind projects must be large-scale which requires considerable capital expenditure, and because of the nature of these projects capital costs represent a larger percentage of total project costs than is typical of traditional electricity plants.   As a result offshore wind projects are capital intensive and concerns exist that the industry will not be able to achieve a suitable economy of scale.

This paper examines basic project costs and discusses the models generated and used estimate the total net present value (NPV) and distributions of NPV for hypothetical utility-scale offshore wind projects in the United States. 

Methods
This project pairs capital and overall cost models with traditional cash flow analysis, design of experiments, and random sampling techniques to generate equations for NPV and probabilistic estimates for project value for American offshore wind projects. The basic approach taken to build this cost model was to research existing publicly available studies and information that provided specific data and methods used to estimate costs for the major components necessary to develop offshore wind projects in the United States. A capital cost model was developed and then used to estimate total project costs.  The cost model then was used as a basis to set up a cash flow analysis.  After completion of the cost model and cash flow spreadsheet three hypothetical American projects were designed and their parameters were used to determine the applicable cash flows and NPV’s.  The three model cases were chosen to capture small, medium, and large size classes, but the combinations are not exhaustive.

The value used to examine project viability was NPV.  In order to generate probabilistic estimates of project NPV, equations for NPV had to be generated.  Once the cash flow spreadsheet was complete the sensitivity of output (NPV) to the various cash flow inputs was estimated and an experimental design following the Box Behnken method was employed.  Regression techniques were used on the results of these experiments to generate characteristic equations.  Once the characteristic equations were determined, random sampling techniques were used to determine a probabilistic estimate of project value.

Results
The base case experiments used to derive equations for NPV of offshore wind projects showed the majority of results to be negative; however, the NPV equations generated are valid for projects whose parameters fall within the experimental design value ranges that may be economically viable.  The model base cases were marginally profitable, but individual projects can have favorable project economics.  While only limited cost analysis of US offshore wind projects has been available to date, the model and analysis performed show that traditional analysis techniques can be applied to offshore wind projects in the United States.

Conclusions
Offshore wind projects can be analyzed using cost modeling, cash flow analysis, experimental design, and random sampling techniques.   Such analysis allows for the generation of characteristic equations and probabilistic estimates of project value.  The scenarios modeled resulted in predominantly negative values for NPV, however, the techniques employed and equations generated can be applied to other projects whose design parameters are within the ranges used during this analysis to examine the economic viability of proposed projects. 
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