DESCRIPTION OF THE FIRST PROPOSED WINDHUNTER SYSTEM THAT CORRESPONDS TO THE SPREAD SHEET

The proposed vessel consists of one hull with wing deck extensions. Four wind turbines are mounted on a movable framework connected to the deck and the power from the turbines is routed to four electrolysers in the hull. The collected hydrogen is compressed and stored in tube tank trailers until they are shuttled to shore. 

The hull might be a decommissioned 60,000 DWT single skin Panamax oil tanker that is 760 ft long, 105 ft wide by 55 ft tall from keel to deck with a pilot house on the stern. The total carrying capacity of the hull may be in the range of 48,000 DWT. The top of this WINDHUNTER would be approximately 600 ft from the waters surface and therefore must operate at least 50 miles from a 25 story building on the shore to not be seen.
The overall dimensions of the deck are estimated at 320 ft wide, 550 ft long and 40 ft thick and its weight may be 26,000 tons if 1.5% of the volume is steel. The weight of the four 2 Mega Watt (MW) wind turbines is 400 tons; the weight of four electrolyzers is 180 tons. The estimated weight of the wind turbine framework is 800 tons and the actuation system is 3,600 tons and the weight of 10 tube tank trailers is 300 tons.  The total weight that the ship must carry may be in the range of 31,300 tons. 

The commercially available 2 MW wind turbines have three bladed rotors of 262 ft (80 meters) diameter and rotate at a nominal speed of 17 rpm. They produce their rated power at a wind speed of 29 mph (13 m/s) and above. They start to turn and produce power at 9 mph (4 m/s) and are stopped when the wind speed exceeds 60 mph (26 m/s). These purchased turbines would have no yaw capability or support tower. The nacelle frame must be redesigned to mount perpendicular to the WINDHUNTER framework at the rear and have three mounting surfaces near the front for the angle support braces. The nacelles of these turbines would be liquid cooled and with the other modifications should result in smaller and lighter designs. Once the design is proven the cost of turbines for future WINDHUNTER vessels might be 2/3 that of a current turbine price that includes the tower.   

The three phase A/C electricity produced by each turbine will be routed to a 2 MW electrolyzer where the current is converted to DC for the generation of the hydrogen gas at slightly above atmospheric pressure. These commercially available electrolysers weigh 45 tons and are 44 ft long, 13 ft wide by 17 ft high. According to the manufacturer, when each one of these electrolyzers operate at full power they produce 17,125cubic feet of hydrogen gas per hour and use 115 gallons of water and 0.1 pounds of lye (KOH).

The treated water that feeds each electrolyzer comes from a water processing unit located upstream of each electrolyzer.

The hydrogen from each electrolyzer then flows to the intake of its own five stage compressor that compresses the hydrogen to approximately 3,000 psig. Each compressor delivers its hydrogen to a common manifold. At least two tube tank trailers are connected to this manifold so that one can be filled while the empty trailer is waiting. 
Each one of these commercially available tube tank trailers holds 120,000 cubic feet of hydrogen compressed to 2645 psig. The weight of contained hydrogen is approximately 627 pounds (285 Kg). Each trailer weighs 30 tons and is 48 ft long, 8 ft wide and 13.5 ft tall. Each trailer will fill in approximately 3.5 hours when all four turbines are running at 50% power. After filling they are placed on a shuttle ship for transfer to shore where they will be pulled to the customer by a semi tractor. Based on a four day turn around, 28 trailers are necessary to service a WINDHUNTER that is operating continuously at 100% output for 50% of the time.


COSTS OF THE PROPOSED WINDHUNTER

Approximate costs from suppliers of the following items:

1. Four 2 MW wind turbines




$8,000,000.00

2. Four 2 MW electrolyzers




$6,000,000.00

3. Four water treatment systems



               $400,000.00

4. Four 5 stage compressors




$1,600,000.00

5. 28 tube tank trailers




            $5,600,000.00





Sub Total

          $21,600,000.00

Estimated costs of the following items:

1. Cost to connect the four hydrogen systems                         $600,000.00

2. Design WINDHUNTER

                       

$2,000,000.00

3. Obtain Panamax hull



          $27,000,000.00



4. Retrofit #3


                        

$6,000,000.00

5. Build wing deck extensions
                      
          $34,000,000.00

6. Build wind turbine framework

                        $2,000,000.00

7. Build framework erection system

                        $2,000,000.00


8. Miscellaneous activities


                        $4,800,000.00
Sub Total

          $78,400,000.00

Grand Total

        $100,000,000.00



The following is an explanation of the accompanying spreadsheet written in Microsoft EXCEL. Its purpose is to estimate the net present value (NPV) and the internal rate of return (IRR) of the Windhunter Project. There are initial settings in the spreadsheet.  As explained below, the variables at the top of the spreadsheet can be easily changed to examine what-if scenarios. However, the following assumptions cannot be changed without directly altering some part of the spreadsheet.

1. The length of the project is 20 years. 

2. Depreciation is on a straight-line basis.

3. The rate of change in different variables such as prices and costs are assumed constant for the entire 20 years. Further, once initially specified, the number of units produced and sold is constant. The only factor affecting revenue over time is the change in price.

4. Based upon standard capital budgeting practice, interest costs are ignored.

5. There is no initial investment in net working capital.

6. The number of units produced and the number of units sold are equal. There is no increase or decrease in inventory.

If the reader wishes to modify any of the above six assumptions, they can alter the spreadsheet directly or request that Windhunter provide a special calculation. Other changes, as indicated below, can be performed at the push of a button.

The following is an explanation of the spreadsheet. Rows that can be easily changed to conduct what-if scenarios include: 2 (% capacity produced); 3(% of capacity for ship’s fuel requirement); 5 (price of hydrogen in period 1); 6 (rate of increase in price); 7 (cost of the ship); 8 (percentage of ship’s cost for routine maintenance); 9 (maintenance cost of electrolysers in period 1); 10 (cost of insurance in period 1); 11 (office expenses); 12 (labor costs per hour in period 1); 14 (cost to move 1000 cubic feet of hydrogen from the ship to the customer in period 1); 15 (rate of increase in costs); 16 (the corporation income tax rate); and 17 (the discount rate of cost of capital). 

Row 1. This number represents 100% capacity of the Windhunter based upon a four-turbine/electrolyser system and should not be altered.  One unit is one thousand cubic feet of hydrogen so that full capacity is 600,000 units or 600,000,000 cubic feet per year.

Row 2. Percentage capacity produced is the level of production relative to full capacity.  The initial value is 50%.

Row 3. Percentage fuel requirement relates to the use of hydrogen fuel produced on Windhunter for its own use. The initial value is 10 (10%). 

Row 4. Units sold are a product of rows 1, 2, and 3. For the initial value, units sold = (600000)(50%)(1 – 10%) = 270,000.

Row 5. This represents the unit price equal to $/thousand ft3. The initial value of $192/thousand ft3 is based upon a quote from a supplier of hydrogen shipped to Tampa, Florida in June 2006.

Row 6. Price of the hydrogen will increase at the rate indicated. The initial value is 3% based upon the long-run forecast of all prices. 

Row 7. The initial value of the Ship is $100 million as explained above. 

Row 8. The initial value of routine maintenance of the ship is $2,000,000 per year or 2% of the cost of the ship.

Row 9. Maintenance of electrolysers occurs in the 7th and 14th year. The initial value is $2,000,000 per information from manufacturer.

Row 10. Insurance costs for the ship are set at $500,000 in period 1 based upon information received from an insurance company. 

Row 11. Office Expenses cover hiring twelve full-time employees to run the office and attract new customers.  Employees would include a CEO, engineer, several marketing personnel, an accountant, and office staff. The initial value, including rent and office equipment, is $1,500,000.

Row 12. Labor costs are initially set equal to $50 per hour. According to data from the Bureau of Labor Statistics, the ship’s crew would earn between $20 and $25 per hour. Costs were added to cover fringe benefits, food, and other personnel costs.

Row 13. The total size of the crew is 36, representing two full-size crews of 18. This figure should not be altered. It is assumed that each crew of 18 would work 30 days on the ship and 30 days off the ship. 

Row 14. This row represents the cost of moving the hydrogen first to the shore and then to the customer. The hydrogen would be transported to a shore facility on a shuttle ship that could carry 480 units contained in four tube tank trailers, and then would return four empty tube tank trailers to the Windhunter. The ship would be contracted for four days for each round trip. Transportation to the customer is based upon contracting out with a properly trained driver to deliver the hydrogen. Based upon these assumptions, the initial value of moving costs is $60/1000 cu ft3.

Row 15. The rate of increase in costs governs the changes in costs found in rows 8, 9, 10, 11, 12, and 14. The initial value equal to 3% is based upon the long-run forecast of all prices. 

Row 16. The corporation income tax is based upon current tax rates. The initial value equal to 35% is approximately equal to average tax rate given normal expected profits of Windhunter. The reader may modify the rate, but this value is fairly certain barring future changes by Congress.

Row 17. This critical variable equals the firm’s cost of capital. Put differently, it represents the minimum expected return by investors. Financial theory indicates that this rate is the weighted average cost of capital (WACC) as determined by the cost of individual sources of financing. Debt is the least cost method of financing. At the present time, high-yield bonds pay in the 10% to 12% range. Using a figure of 11%, the after-tax yield would be (before tax yield)(1 – tax rate) = 11%(1 – 35%) = 7.15%. However, a company will usually not be able to fund a large project entirely with debt and must access higher cost equity capital or internal financing. Therefore, as an initial value it is assumed that the weighted average cost of capital is 10%. 


The following represents an explanation of the actual calculations.

Row 21. Sales revenue is equal to row 4 times row 5, or units sold times price per unit. Revenue increases each period at the rate indicated in row 6.

Row 23. Insurance in period 1 is equal to row 10. Costs increase as indicated in row 15.

Row 24. Depreciation is simply the total cost of the ship divided by the number of years, which is equal to 20. The method of depreciation is straight-line.

Row 25. Routine maintenance is row 8 times row 7. This cost is then increased each period at the rate indicated in row 15.

Row 26. Maintenance of the electrolysers takes place in years 7 and 14. The current cost is indicated in row 9. The costs in years 7 and 14 are adjusted to account for the rate of increase indicated in row 15.

Row 27. Office expenses in period 1 are equal to row 11. This cost is then increased each period at the rate indicated in row 15.

Row 28. Labor costs are equal to row 12 times row 13 times 2080. In words, labor costs equal the wage per hour times total hours per year (2080) times the size of the crew. This cost is increased at the rate indicated in row 15. 

Row 29. Moving costs equal row 4 times row 14, or cost per unit times number of units sold. This cost is increased at the rate indicated in row 15.

Row 31. Total operating costs equal the sum of rows 23 through 29.

Row 32. Operating costs per unit equal row 31 divided by row 4, or total operating costs divided by units produced and sold.

Row 34. Annual operating profits equal row 21 minus row 31, or sales revenue minus total operating costs.

Row 35. The corporate income tax is equal to row 34 times row 16, or annual operating profits times the average tax rate.

Row 36. After-tax profits are equal to row 34 minus row 35.

Row 38. Net cash flow in period 0 is equal to the cost of the ship, row 7. Based upon standard capital budgeting practice, net cash flows equal after-tax profits plus non-cash expenses. For this project, non-cash expenses are equal to depreciation.  Net cash flows for periods 1 through 20 equal row 36 plus row 24.

Row 40. For periods 1 through 20, this row discounts net cash flows at the cost of capital indicated in row 17. The value in period 0 is the sum of the values in periods 1 through 20 minus the initial capital outlay for the ship. This figure is called the net present value, or NPV. Given all the initial values, NPV = $103,052,622.

Row 42. This is the internal rate of return (IRR) on the initial investment. If the NPV in row 40 is positive, then investors are getting a better return than their alternative investment. Similarly, the IRR will be greater than 10%. If the NPV is negative, then investors are getting a lower return than the next best alternative and the IRR will be less than 10%. 


The reader is encouraged to utilize what-if scenarios with this spreadsheet.  At the initial values described above, NPV is equal to $103,052,622 and the IRR is equal to 21.89%. There are two types of scenarios that can be undertaken. First, one (or more) of the variables at the top of the sheet can be changed. For example, if production is increased from 50% to 75% of capacity, the NPV increases to $224,100,445 while the IRR increases to 34.08%. On the other hand, if production decreases from 50% to 25%, the NPV will fall to -$17,995,201 and the IRR falls to 7.47%.  In addition, the reader can use the Goal Seek function, which specifies a particular cell as the target cell and another cell as the cell that is being changed. The most likely target cell is C40, the net present value. Suppose one wishes to determine the percentage of capacity necessary to “break even,” or achieve a net present value of $0. Using Goal Seek, the target cell is C40, the specified value is 0, and the changed cell is C2. The answer is that the percentage of capacity is equal to 28.72%. Also note that the IRR now equals 10%.


If you need any assistance in analyzing the profitability of Windhunter or wish to calculate specific scenarios, please contact us.
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