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Case: energy yield calculation

Start with:
* Wind data (site specific, supplied)

e Turbine specifications

End with:

* Number of households that can be supplied with one turbine

* Return rate of wind turbine (years)
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Case: Energy yield

|mportant parameters

Power equation: P =Cp lpU3 TR2
2 co
Maximum power coefficient Cp 14
C. — Protor
i Pwind (Arotor)

Availability — which percent of the time is the turbine producing power

Capacity factor — how much of the turbine power capacity is used
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Case: Energy yield

Instructions

6-11-2018

I Gotothe Excel calculation sheet. Choose a wind turbine framthe fact sheet and fill in thefo”o-\'ing parameters:
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ASSIGNMENT
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Turbine type

Rated power

Rotor diameter

Cut-in wind speed

Ratedwind speed

Cut-aut wind speed

H'.Ib hm.ght above mean :ea |?\"?|

Wit e down the equation forthe wind turbine power curve:

In the wind profile section. a dropdown menu can be usedto choose between two locations. W

different wind profiles and what is the physical explanation for these differences?

hat differences can be observed between the

W]

hich wind sPeed \l,-ie|c|s the most electric energy and ;\'h}- isthis the case? (Hint: Use table 1)

W

hich location hasa more favorable wind Profi|e forthe offshore wind turbine that you selected?

What is the meaning of the term "capacity factor’?

7 p|acin.glhe largest wind turbine is not a|-\'a:,-s the best cnptionT u\'h:,- iz this?
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Case: Energy yield
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Excel sheet -

DE OUDE

Turbine specifications 120% i BIBLIOTHEEK
Wind turbine (brand,type) o N
Rated power kW] 0o L A C A D E M Y
Reoter diameter [m] g B,0% 1 s L
Cut-in wind speed [m/=] u 1 =
Rated wind speed [m/s] E 6,0% B g
Cut-out wind speed . [m/=] g 205 o £
Hub height ET [m] ’ o
Roter area A rotar 0 [m’] 2,0% ¢
Power coefficient G0 e 0,00 [1] o
0,0% o
. . 012345678 3101112131415161718192021 22 23 2425262728 2930
Wind profile Wind speed (m/]
Location K13
Air density Par 1,225 [kg/m] W Occurance —— Weibull Weibul at hubheight  em——Fower curve
Weibull shape factor k 2,10 [1]
Weibull scale factor ¥ 050 []
Mean wind speed at 10m u, 7.44 [m/s]
Mean wind speed at hub height U, 0,00 [m/s]
Energy yield 100
Annual energy consumption per household 3340 [kWh] UJgJ
Ayerage availability 95% [%] 0
Time pericd of one year 8766 [h] o 0,70
Tetal energy yield of one year - [kWh] =, 060
Encugh for househelds: 0[] g 0,50
Capacity factor 0% [-] 2040
@ 030
Financial E‘ﬁ
Costs of installing an offshore wind turbine [CapEx) 2,50 [ME/MW] U’w
Cost of operating an offshore wind turbine (OpEx) 25% [% of CapEx] ! o 5 0 15 0 .
Interest .rate on initia! investment. ) 5% [% of CapEx] Time [years]
Installation cost of this offshore wind turbine 0,00 [M£]
Annual interest rate (ower a 20 year peried) 0,00 [M£]
Annual operating costs (over a 20 year pericd) 0,00 [M£] —e—Without subsidies  —8—With subsidizs
Annual costs 0,00 [M£]
Leng term estimated energy price 0,038 [E£/kWh]
Subsidy for wind energy 0,130 [E/KWh]
Total energy price 0,168 [£/kWh]
Annual return on investment 0,00 [M£]
Internal rate of return 0,0 [years]
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Case: Energy yield

=

7

AA

sk

Excel sheet

DE OUDE

Turbine specifications 12o% = BIBLIOTHEEK
Wind turbine (brand,type) 100% TN\ 4000 ACADEMY
Rated powsr P rases 4000 [KW] [ i\ 3500
Roter diameter D oo 110 [m] F 8o ' § 3000 s L
Cut-in wind speed v 2 [m/s] u 500 =
Rated wind speed v, 12 [m/s] E 6.0% 2000 g
Cut—Dut. wind speed v . 24 [m/s] g 5% 150 £
Hub height Z pun 75 [m:Fl 1000
Reter area P p— 8503 [m’] 2,0%
Power cosfficient CO e 0,40 [1] d 500
0,0% i
. . 01234567 3 91011121314151617 1819 20 21 22 23 24 25 26 27 23 29 30
Wind profile Wind speed (/]
Location K13
Alr density Par 1,225 [kg/m] B Occurznce —— Weibull Weibullat hubheight  =m—Fower curve
‘Weibull shape factor 2,10 [
Weibull scale factor 0,50 []
Mean wind speed at 10m 7,44 [m/s]
Mean wind speed at hub height 5,28 [m/s]
Energy yield 450
Annual energy consumption per househeld £ 3340 [kwh]
Average availability a G5% [34] 0
Time pericd of cne year 8766 [h] 0,00
Total energy yield of cne year 15.830.143 [KWh] g 200
Encugh for housshelds: 4740 [] = 400
Capacity factor 45% [-] %
= 600
Financial -8,00
Costs of installing an offshore wind turbine (CapEx) 2,50 [ME£/MW] 10,00
Cost of operating an offshore wind turbine {OpEx) 25% [% of CapEx]
Interest rate on initial investment . 5% [% of CapEx] -13,00 Time [years]
Installation cost of this offshore wind turbine 10,00 [M£]
Annual interest rate (ower a 20 year peried) 0,03 [ME£]
Annual operating costs (over a 20 year pericd) 0,17 [M£] S Withoutsubsidies  —&—With subsidies
Annual costs 0,15 [ME£]
Leng term estimated energy price 0,038 [E/kWh]
Subsidy for wind energy 0,012 [£/KWh]
Total energy price 0,050 [E/kWh]
Annual return on investment 0,78 [M£]
Internal rate of return 16,7 [years]
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