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Projected 2020

deployment
Deviations

Projecte

d

deploym

ent

2014

NREAP

target

2014 Min. Max.

2020

target
2012 2014

2020

Min.

2020

Max.

Technology

category
Mtoe Mtoe Mtoe Mtoe Mtoe % % % %

RES electricity 72.5 73.3 91.9 94.9 103.7 2.1 -1.1 -13.0 -8.5

Biomass (solid

and liquid)
9.1 10.3 12.2 12.6 14.7 -8.2 -11.2 -19.3 -14.3

Biogas 4.3 3.5 5.1 5.1 5.4 35.2 22.1 -7.9 -6.2

Geothermal 0.5 0.6 0.9 0.9 0.9 -9.5 -13.0 -21.8 -0.9

Hydro large-scale 26.1 26.5 27.7 27.8 27.4 -1.0 -1.4 0.9 1.5

Hydro small-scale 4.2 4.0 4.8 4.9 4.5 -1.0 4.0 6.9 9.6

Photovoltaics 7.7 3.9 10.1 10.4 7 94.2 96.8 38.8 47.6

Concentrated

solar power
0.3 0.7 0.3 0.4 1.6 -21.2 -52.6 -78.3 -76.5

Wind onshore 18.9 20.3 28.2 30.1 30.3 -4.4 -7.0 -8.7 -0.7

Wind offshore 1.3 3.4 2.4 2.6 11.5 -38.1 -62.7 -80.3 -77.0

Marine/Ocean 0.1 0.1 0.2 0.2 0.5 -19.2 -38.9 -56.2 -54.3

RES heating &

cooling
87.6 80.5 105.6 107.5 108.9 10.6 8.8 -4.2 -1.3

Biomass (solid

and liquid)
73.7 68.1 84.9 86.5 85.3 9.6 8.3 -1.6 1.4

Biogas 2.5 2.5 3 3 4.5 16.5 0.4 -33.7 -32.5

Geothermal 0.7 1.2 1.3 1.3 2.6 -34.4 -41.6 -50.9 -50.4

Heat pumps 8.5 6.2 12.8 12.9 10 33.4 37.7 25.5 29.3

Solar Thermal 2.2 2.6 3.7 3.7 6.4 -1.7 -15.3 -45.6 -41.8

RES transport

(biofuels only)
16.6 18.4 18.5 19.1 29.5 -2.5 -9.7 -37.2 -35.0

1
st

generation

biofuels
14.6 17.6 16.2 16.9 27.1 -11.2 -16.9 -40.0 -37.7

2
nd

generation

biofuels
2.0 0.8 2.3 2.3 2.4 211.0 143.7 -5.5 -4.9

RES total 176.7 172.3 216.0 221.5 242.1 5.7 2.6 -12.0 -8.5
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Design situation DL

C 

Wind condition Other conditions Type of 

analysis 

Partial 

safety 

factors 

1.1 NTM Vin < Vhub < Vout For extrapolation of 

extreme events 

U N 

1.2 NTM Vin < Vhub < Vout F * 

1.3 ETM Vin < Vhub < Vout U N

1.4 ECD Vhub = Vr ñ 2 m/s, Vr,

Vr +2 m/s 

U N 

1) Power production 

1.5 EWS Vin < Vhub < Vout U N 

2.1 NTM Vin < Vhub < Vout Control system fault or

loss of electrical network 

U N

2.2 NTM Vin < Vhub < Vout Protection system or 

preceding internal 

electrical fault 

U A 

2.3 EOG Vhub = Vr�2 m/s and 

Vout

External or internal 

electrical fault including 

loss of electrical network 

U A 

2) Power production

plus occurrence of 

fault 

2.4 NTM Vin < Vhub < Vout Control, protection, or 

electrical system faults 

including loss of 

electrical network 

F * 

3) Start up 3.1 NWP Vin < Vhub < Vout F * 

3.2 EOG Vhub = Vin, Vr � 2 m/s

and Vout

U N 

3.3 EDC Vhub = Vin, Vr � 2 m/s 

and Vout

U N 

4) Normal shut down 4.1 NWP Vin < Vhub < Vout F * 

4.2 EOG Vhub = Vr � 2 m/s and 

Vout

U N 

5) Emergency shut 

down 

5.1 NTM Vhub = Vr � 2 m/s and 

Vout

U N 

6) Parked (standing 

still or idling) 

6.1 EWM 50-year recurrence 

period 

U N 

6.2 EWM 50-year recurrence 

period 

Loss of electrical 

network connection 

U A 

6.3 EWM 1-year recurrence 

period 

Extreme yaw 

misalignment 

U N 

6.4 NTM Vhub < 0,7 Vref F * 

7) Parked and fault 

conditions 

7.1 EWM 1-year recurrence 

period 

U A 

8) Transport, 

assembly, 

maintenance and 

repair 

8.1 NTM Vmaint to be stated by 

the manufacturer 

U T 

8.2 EWM 1-year recurrence 

period 

U A 
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The following abbreviations are used in Table 2: 

DLC Design load case 

ECD Extreme coherent gust with direction change (see 6.3.2.5) 

EDC Extreme direction change (see 6.3.2.4) 

EOG Extreme operating gust (see 6.3.2.2) 

EWM Extreme wind speed model (see 6.3.2.1) 

EWS Extreme wind shear (see 6.3.2.6) 

NTM Normal turbulence model (see 6.3.1.3) 

ETM Extreme turbulence model (see 6.3.2.3)

NWP Normal wind profile model (see 6.3.1.2) 

Vr�2 m/s Sensitivity to all wind speeds in the range shall be analysed 

F Fatigue (see 7.6.3) 

U Ultimate strength (see 7.6.2) 

N Normal 

A Abnormal 

T Transport and erection 

* Partial safety for fatigue (see 7.6.3) 
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Component of 
the wind 
turbine 

Necessary 
number of 
sensors per
component

Direction of 
measurement 

Frequency range 

Rotor bearing 1 (+1 optional) Radial + Axial 0.1Hz�  �10kHz 

Gearbox 4+1 Radial + Axial 0.1HzÖ  �10kHz at low 
speed shaft 
10HzÖ  �10kHz at high 
speed shaft 

Generator 
bearing

2 Radial 10HzÖ �10kHz 

Tower with 
nacelle 

(2 optional) Axial in wind 
direction and 
transversal to the 
axial direction 

0.1HzÖ �100Hz 

Rotor blade (2 optional) In rotor axis 
direction and 
transversal to the 
rotor axis 

0.1HzÖ �10kHz 
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Type of sensor Output signal Status of implementation in
wind turbines 

Water-content sensors Water saturation (%) Only laboratory tests, validation 
for wind turbines required 

Particles-concentration 

sensors

Particles size distribution 

according to ISO 4406 

Laboratory tests and 
experimental test in a wind 
turbine 

Wear-debris sensors Quantity of particles per unit of 

time and size 
Part of standard CMS of some 
wind turbine manufactures 

Dielectric constant 

sensors

Dielectric constant Laboratory tests for several 
industry applications 

Viscosity sensors Kinematic viscosity Laboratory tests for wind turbine 
applications 

Oil-properties sensors Viscosity, temperature, density, 

dielectric constant 
Experimental test in some wind 
turbines 

Oil-quality sensors Color code, quality index Laboratory tests for wind turbine 
applications 
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Measured Quantity Analytical External load Gravity

Blade bending moments S S, O

Main shaft torquea S S 

Main shaft bending S S S, O

Tower bending moments S S S, O

Tower torquea S S 

S = suitable for slope

O = suitable for offset

a For suitable methods for determining the offset, see 8.2.3.4 and 8.2.5. 
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