Wind Turbie Economics Energy Production Calculation

. , _ (a) Using the Specification
Energy Calculation for Wind Turbine (provided by manufacturers)

(b) Using Capacity Factor (CF)
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Energy Calculation from Specification

NEG
Manufsctuner: Micon
Suppose thata NEG Micon 60-m diameter wind turbine having RMD“*““ (kW) '::':1'
jamter {nul
a rated power of 1000 kW ( often expressed as 1000/60) Windspeed
Is installed at a site having Rayleigh wind statistics v (nv's) KW
with an average wind speed of 7 m/s at the hub height. . 0
(a) Find the annual energy generated, !. E;
(b) From the result, find the overall average efficiency of this turbine in these winds, 3 0
(c) Find the productivity in terms of kWh/yr per m? of swept area. : :;
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Operation hours extraction from Rayleigh Distribution

If average wind speed is given, probability of any wind speed can be
found
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Program — Excel Spreadsheet



Example Calculation by Spec

Suppose thata NEG Micon 60-m diameter wind turbine having
a rated power of 1000 KW ( often expressed as 1000/60)

is installed at a site having Rayleigh wind statistics
with an average wind speed of 7 m/s at the hub height.

(a) Find the annual energy generated,
(b) From the result, find the overall average efficiency of this turbine in these winds,
(c) Find the productivity in terms of kWh/yr per m? of swept area.

Total Electric Energy Production per year

Total Energy in the Wind per year

Average Efficiency of the Wind Turbine

Productivity by the swept area



Energy Calculation for Wind Turbine — with CF

Calculation with Turbine Specification is complex
every possible wind speed Is considered

Easier approach — Use of the Rated Power (Pg) of Wind Turbine &
CF (Capacity Factor)

Capacity Factor (CF): Actual energy generation expressed as
percentage of the maximum possible energy generation with the
rated power (P;"8760)

+ Actual energy delivered

- Py x 8760

Actual Energy by CF * Annual energy (KWh/yr) = Pg (kW) x 8760 (h/yr) x CF




Capacity Factor
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Total Energy produced  2.85 x 10° k\\.-"hfy::
Rated Power (PR) =1000 kW

Actual energy delivered _ 2.851 x 10° kWhiyr

CF =

325

Py x 8760 ~ 1000 kKW x 8760 h/yr —

s this CF (0.325) the same at all average wind speeds?

325_Ché6_3_CF by
AVG Wind
Speed.xlsx



Capacity Factor Determination — Approximation
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Energy Estimate using C

Question: The Whisper H900 wind turbine has a 900-W generator with 2.13 m
blade diameter. In an area with 6 m/s average wind speed, estimate the energy
delivered.




Wind Turbine Economics 50 MW Wind farm

1.5 MW turbines (x 40)
Capital Costs Amount (3) Percentage | _ ‘
(] T I
40 1.5-MW turbines @ $1.1 M, spare parts 46,640,000 76.6 i
Site prep, grid connections 9,148,000 15.0
Interest during construction, contingencies 3,514,000 5.8
Project development, feasibility study 965,000 1.6
Engineering 611,000 1.0
Total Capital Cost 60,878,000 100.0
Annual Costs Amount ($/yr) Percentage
Parts and labor 1,381,000 70.3
Insurance 135.000 6.9
Contingencies 100,000 5.1
Land lease 90,000 4.6
Property taxes 68,000 3.5
Transmission line maintenance 80,000 4.1
General and miscellaneous 111,000 5.6
Total Annual Costs 1.965.000 100.0

Source: Ministry of Natural Resources, Canada.



Annualized Cost

Annualized Fixed Cost [$/yr]

FCR=[ oy ]

(I4+0)—1

Annual (O&M) Cost

Annual Cost = Annual Payment (A) + Annual O&M Cost

Cost of Energy ($/kWh)



Electric Energy Cost - Example

Suppose that a 900-W Whisper H300 wind turbine with 7-ft (2.13 m) blade costs
$1600. By the time the system is installed and operational, it costs a total of
$2500, which is to be paid from with a 15-yr, 7% interest loan. Assume O&M
costs of $100/yr. Question: Estimate the energy cost [$/kWh] over the 15-year
period if average wind speed at the hub height is 6.7 m/s.




