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1. INTRODUCTION

The implementation of the AEPC (Alternative Energy Promotion Centre) initiative from the World Bank 

Group, is aiming at Renewable Energy Resource Mapping and Geospatial Planning for Nepal. In total 10 

wind masts are installed at sites identified in different areas and in various districts in Nepal. 

The project aims at exploring the wind potential around Nepal through these measurement campaigns. 

For 9 of the sites, a long-term energy yield assessment was carried out for a single turbine at the mast 

location for this purpose. For Site 6, a micrositing exercise was performed in order to design an 

optimised wind farm layout considering 2 different turbine types; a small sized turbine simulating the 

possibility that large turbines might be difficult to transport to the project site, and a large scale one to 

explore the full potential of the site in ideal conditions.  

All the wind masts have the height of 80m. The wind masts were designed according to TIA/EIA 222-G and 

the installation of the mast was carried out according to the latest version of the IEC Standard 61400-12-

1. The design was verified with detailed FEA analysis for required design parameters. After design

verification, detailed manufacturing drawings were issued for fabrication of the mast and quality was 

ensured at each stage of fabrication including material selection, sizing, fixture, cutting, bending, welding, 

assembly, galvanizing and painting of the mast. Civil works at the site was commenced under the 

supervision of an experienced civil engineer and strict quality check of material at different stages of the 

work was maintained. The foundations were allowed to set for recommended time of 4 weeks and the 

installation of the wind mast was started after the completion of the civil work at the site. All 

instruments/sensors were tested via connection to the data logger before mobilizing to the site. The 

proper functioning of all instruments was also checked during commissioning. 

Mast characteristics are given in Section 3 but further detailed in the installation report [1]. 

The aim of this report is; to provide an overview of the wind regime/energy production potential at the 

location of the 10 masts under consideration.  

It has been agreed with the World Bank that the analysis in the present report is based on the available 

measurement data until the end of June 2020 for all masts. Due to report preparation dates or connection 

problems variable data periods have been used for the calculations. 
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2. SITE OVERVIEW

Site # 1 2 3 4 

Site name Sitapur Pidari Tangbe Purunchheda 

District Siraha Morang Mustang Dang 

Province 2 1 4 5 

Land Government land Government land Private land Government land 

Site access 10km from Lahan, 

~8km south of 

Mahendra Highway; 

accessible by dirt 

road from 

Mahendra Highway 

Close to the border 

with India, ~30km 

south of Mahendra 

Highway along Ratuwa 

Khola river; easily 

accessible by road 

from Mahendra 

Highway 

~13km north of 

Jomsom, located in 

the Green Tangbe 

Limited area (Apple 

Farm), close to 

Tangbe village and 

along Kagbeni - Lo 

Manthang Road; 

easily accessible by 

road 

~10 km east of 

Ghorahi town, 

~20km north of 

Mahendra Highway; 

off-road but 

accessible by heavy 

trucks 

Site 

description 
Rather flat and 

open, with 

elevation features 

of few meters; 

currently used for 

animal grazing; 

soil is 

sandy/clayey, with 

grass grown over 

it 

Completely flat and 

open; soil is 

sandy/clayey, with 

grass grown over it; 

land is unused 

Rather flat 

surrounded by 

mountains (in a 

large valley inside 

the Annapurna 

Conservation Area); 

very windy; the 

nearby (a few km) 

Annapurna range 

are expected to 

highly influence the 

local wind regime; 

there is an existing 

50m mast 1km 

South-West of the 

site 

Hilltop in relatively 

complex terrain and 

windy throughout 

the day according to 

information by local 

inhabitants; soil is 

muddy all around 
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Site # 5 6 7 8 

Site name Khajura Kagbeni Dangibada Koilabas 

District Banke Mustang Jumla Dang 

Province 5 4 6 5 

Land Government land Government land Private land Government land 

Site access ~10km south of 

Mahendra Highway 

and Kohalpur, along 

the Gulariya-

Nepalgunj Highway; 

easily accessible 

Near Kagbeni along 

the Muktinath Road; 

good road access with 

four-wheel drive 

vehicles 

At Dangiwada, 

Tatopani, ward no:5; 

located along 

Karnali highway but 

separated by river; 

the last few hundred 

meters require non-

vehicle equipment 

movement (~30min 

hike) 

30 km south of 

Mahendra Highway 

near India border 

Rad access with 

four-wheel drive 

Site 

description 
Completely flat 

and rather open 

with few rows of 

trees around; soil 

is clayey; not 

affected by flash 

floods but some 

water 

accumulation 

during monsoon 

seasons expected 

Center of a relatively 

large valley (~700m 

wide) surrounded by 

hilly terrain; soil is 

sandy 

On a flat and open 

foothill; experiences 

high wind speeds 

due to the 

channeling effect of 

Tila river; soil is 

sandy/clayey; 

experiences snowfall 

of two to three days 

during the winter 

time 

Open and flat 

terrain; minimal risk 

of flooding but DEEU 

recommends to use 

precautionary 

measures for flood 

due to the proximity 

of rivers; soil is 

sandy/clayey; 

temperature during 

winter season 

reaches subzero 



 

4 

 

Site # 9 10 

Site name Saptami Birtabesi 

District Panchthar Ramechhap 

Province 1 3 

Land Private land Private land 

Site access 25 km west of 

Ranke  Bazar 

Mechi Highway, 

off-road but 

accessible by 4-

wheel drive 

Near Gwaltar 

along Dudhkosi 

river; easily 

accessible by road 

Site description Flat and open 

with few trees; 

one of the 

windy sites of 

this region and 

could give an 

indication of the 

wind pattern in 

complex terrain; 

soil is 

sandy/rocky 

Flat and open 

with few trees 
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3. MAST CHARACTERISTICS

All masts are made of square lattice tower secured with guy wires. All masts installed have a height of 

80m. The main characteristics of the masts are presented in the tables below. 

Site 1 Sitapur 2 Pidari 3 Tangbe 4 Purunchheda 

Area ~150x150 m2 >1 km2 ~500x500 m2 ~200x200 m2 

Mast height 80 m 80 m 80 m 80 m 

Fencing Around mast Around mast Around mast Around mast 

Coordinates 

Longitude 1 26°39'12.00"N 26°25'31.38"N 28°52'49.89"N 28°02'41.82"N 

Latitude 86°24'55.56"E 87°40'4.08"E 83°47'58.40"E 82°35'19.8"E 

UTM X 441.825 566,590 773,048 656,164 

UTM Y 2,948,173 2,922,966 3,197,972 3,103,200 

UTM zone 45 45 44 44 

Elevation 95 m 70 m 3,040.1 m 1,447.5 m 

Site 5 Khajura 6 Kagbeni 7 Dangibada 8 Koilabas 

Area ~250x200 m2 ~300x500 m2 ~100x100 m2 ~200x200 m2 

Mast height 80 m 80 m 80 m 80 m 

Fencing Around mast Around mast Around mast Around mast 

Coordinates 

Longitude  2 28°06'32.34"N 28°49'55.96"N 29°14'3.32"N 27°41'23.24"N 

Latitude 81°35'38.28"E 83°47'16.92"E 82°04'8.32"E 82°31'35.42"E 

UTM X 558,342 772,049 603,886 650,528 

UTM Y 3,109,418 3,192,590 3,234,413 3,063,771 

UTM zone 44 44 44 44 

Elevation 150 m 3,036.3 m 2,311.3 m 210 m 

Site 9 Saptami 10 Birtabesi 

Area  ~200x200m2 ~120x100 m2 

Mast height 80 m 80 m 

Fencing Around mast Around mast 

Coordinates 
Longitude 3 26°58'28.11"N 27°16'36.76"N 

Latitude 87°41'11.47"E 86°04'50.00"E 

UTM X 568,129 408,999 

UTM Y 2,983,793 3,017,437 

UTM zone 45 45 

Elevation 2,181.3 m 453.8 m 

1 All coordinates are using the WGS84 datum. 
2 All coordinates are using the WGS84 datum. 
3 All coordinates are using the WGS84 datum. 
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4. CONFIGURATION OF MASTS

The following figures present the overview of the meteorological masts, the placement of the

sensors and equipment on them. Figure 1 represents the configuration of the masts except Site 3

and Site 6 whose configuration are depicted in Figure 2.

Figure 1: Configuration of all masts except Mast 3 and Mast 6 

Instrument: Air Pressure Sensor AB100 

Inst: Ammonit AB100 

Height: 4m 

Data logger 

Model: Meteo-40M 

UMTS Modem PHS8-P 

Model: M76400M 

Instrument: Vector Anemometer 

Model: Vector A100LM  

Height: 80m  
*except Site3 & Site 6 

Instrument: Thies Anemometer 

Model: Thies 4.3351.10.000 

Height: 80m  

Instrument: Thies Wind Vane FC 

Inst: Thies 4.3151.00.901  

Height: 78.5m Instrument: Temperature Sensor TP 

Model: Galltec TPC1.S/6-ME 

Height: 76m  

Instrument: Thies Anemometer 

Inst: Thies 4.3351.10.000  

Height: 60m  

Instrument: Thies Anemometer 

Inst: Thies 4.3351.10.000  

Height: 40m  

Instrument: Thies Anemometer 

Inst: Thies S11100 

Height: 20m  

Instrument: Thies Wind Vane FC 

Inst: Thies 4.3151.00.901  

Height: 58.5m 

Instrument: Temperature/Humidity Sensor KP 

Model: Galltec KPC1.S/6-ME 

Height: 5m 

Solar PV Module 50W 12V 

Model: M51050 

Lightning Arrester @ 82m Aviation Light @ 82m 

Lightning Arrester @ 81.5m  Lightning Arrester @ 81.5m 
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Figure 2: Configuration of Mast 3 and Mast 6 

Instrument: Air Pressure Sensor AB100 

Inst: Ammonit AB100 

Height: 4m 

Data logger 

Model: Meteo-40M 

UMTS Modem PHS8-P 

Model: M76400M 

Instrument: Thies Anemometer 

Model: Thies 4.3351.10.000 

Height: 80m  

Instrument: Thies Wind Vane FC 

Inst: Thies 4.3151.00.901  

Height: 78.5m Instrument: Temperature Sensor TP 

Model: Galltec TPC1.S/6-ME 

Height: 76m  

Instrument: Thies Anemometer 

Inst: Thies 4.3351.10.000  

Height: 60m  

Instrument: Thies Anemometer 

Inst: Thies 4.3351.10.000  

Height: 40m  

Instrument: Thies Anemometer 

Inst: Thies S11100 

Height: 20m  

Instrument: Thies Wind Vane FC 

Inst: Thies 4.3151.00.901  

Height: 58.5m 

Instrument: Temperature/Humidity Sensor KP 

Model: Galltec KPC1.S/6-ME 

Height: 5m 

Solar PV Module 50W 12V 

Model: M51050 

Lightning Arrester @ 82m Aviation Light @ 82m 

Lightning Arrester @ 81.5m  Lightning Arrester @ 81.5m 
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4.1 MAST INSTRUMENTATION 

The make and model of the measurement instruments are given in the table below. The instrument serial 

number, calibration certificate reference, slope and offset, and boom orientation for each mast are given 

in Annex B. 

Instrument Make Type 

Anemometer 80m Thies 4.3351.10.000 

Anemometer 80m Vector A100LM 

Anemometer 60m Thies 4.3351.10.000 

Anemometer 40m Thies 4.3351.10.000 

Anemometer 20m Thies 4.3351.10.000 

Wind Vane Thies 4.3151.00.901 

Wind Vane Thies 4.3151.00.901 

Temperature Sensor Galltec TPC1.S/6-ME 

Temperature & Humidity Sensor Galltec KPC1.S/6-ME 

Barometer Ammonit AB100 

The heights of the measurement instruments are as follows: 

Site 1 Sitapur 2 Pidari 3 Tangbe 4 Purungchheda 5 Khajura 

Anemometer 80 m 80 m 80 m 80 m 80 m 

Anemometer 80 m 80 m - 80 m 80 m 

Anemometer 60 m 60 m 60 m 60 m 60 m 

Anemometer 40 m 40 m 40 m 40 m 40 m 

Anemometer 20 m 20 m 20 m 20 m 20 m 

Wind Vane 78.5 m 78.5 m 78.5 m 78.5 m 78.5 m 

Wind Vane 58.5 m 58.5 m 58.5 m 58.5 m 58.5 m 

Temp 76.5 m 76.5 m 76.5 m 76.5 m 76.5 m 

Temp & hum 5 m 5 m 5 m 5 m 5 m 

Barometer 4 m 4 m 4 m 4 m 4 m 

Site 6 Kagbeni 7 Dangibada 8 Koilabas 9 Saptami 10 Birtabesi 

Anemometer 80 m 80 m 80 m 80 m 80 m 

Anemometer - 80 m 80 m 80 m 80 m 

Anemometer 60 m 60 m 60 m 60 m 60 m 

Anemometer 40 m 40 m 40 m 40 m 40 m 

Anemometer 20 m 20 m 20 m 20 m 20 m 

Wind Vane 78.5 m 78.5 m 78.5 m 78.5 m 78.5 m 

Wind Vane 58.5 m 58.5 m 58.5 m 58.5 m 58.5 m 

Temp 76.5 m 76.5 m 76.5 m 76.5 m 76.5 m 

Temp & hum 5 m 5 m 5 m 5 m 5 m 

Barometer 4 m 4 m 4 m 4 m 4 m 
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5. SITE 1 – SITAPUR, SIRAHA

5.1 MEASUREMENT CAMPAIGN 

Sitapur measurement campaign started on 03/11/2017. A site visit carried out by 3E for commissioning 

on 20/11/2017 and for preventative maintenance on 08/12/2018. 

Data have been collected and checked regularly until a connection problem was encountered on 

20/10/2019. As of the connection problem start date, no data have been received online. A site visit will 

be arranged to download the collected data manually. 

The following problems were encountered during the measurement campaign: 

• Boom orientation problem for wind vane @58.5m between 03/11/2017 – 21/07/2018

• Connection problem since 20/10/2019

The following changes were applied to the data during the post processing; 

• The following offsets were applied on the wind vanes to account for the boom orientation:

o Vane @78.5m: -20° (Between 03/11/2017 – 04/12/2018)

o Vane @58.5m: -80° (Between 22/07/2018 – 04/12/2018)

• The wind vane @58.5m was patched with data from the wind vane @78.5m between

03/11/2017 – 21/07/2018

5.2 WIND DATA PROCESSING 

Short-term wind regime 

To verify the validity of an anemometer's calibration throughout the measurement period, the IEC 

61400-12-1 [4] offers two methods: a post-calibration or an in-situ anemometer comparison. Since no 

post-calibration has been carried out, the in-situ calibration procedure as described in Annex D of the 

IEC standard has been carried out to check the anemometer integrity throughout the measurement 

period. The two anemometers mounted at 80m Ch1 and 80m Ch2 were considered for the test; the one 

connected to CH1 as the primary and the other one as the control anemometer. The in-situ test 

identified that side-mounted anemometer at 80m with a 0° boom direction for Sitapur maintain the 

validity of their calibration throughout the full measurement period. For some wind speeds, it hasn't 

been calculated according to lack of bins. 

More details on the procedure and results of the in-situ test are provided in Annex D. 

After data processing, a period covering 23.6 months (03/11/2017 to 20/10/2019) is identified as being 

of sufficient quality for the purpose of this study. Data recovery rates of that period can be found in 

Annex C, wind regime roses in Annex E and Weibull parameters in Annex F. 

The mast shading effect is corrected by alternatively using the measurements of both anemometers at 

each height depending on the wind direction. 

Height Primary 

anemometer 

Secondary 

anemometer 

Wind directions where secondary 

anemometer is used 

80 m C1 C2 160° - 180° 
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Annex H presents the seasonal and diurnal variations observed over the short-term. 

Long-term wind regime 

The long-term extrapolation is performed in three steps: first, the most reliable reference datasets are 

identified, then the best combination of reference data and extrapolation method is selected. 

Eventually, the combination of dataset and method resulting in the lowest uncertainty (cf. section 5.6) is 

selected. 

3E selects reference dataset from the following sources: 

• MERRA-2 and ERA-5 reanalysis data from WindPRO (4 closest grid points),

• Meteorological station data from WindPRO,

The following criteria are used to select reference datasets from these sources: 

• Agreement: the reference dataset should agree with the measurements in terms of wind speed

variations over time. This agreement is quantified by the Pearson correlation coefficient “r”. 3E

considers a Pearson coefficient of 0.7 (all data or monthly averages) as a minimum prerequisite

for a reference dataset to be considered for long-term extrapolation.

• Time resolution: the time resolution of the reference dataset should be constant over time. In

case time resolution varies, 3E resamples data to a constant time resolution.

• Data availability: missing periods should be limited and evenly distributed over time. 3E

considers data availability above 80 % as a minimum prerequisite for a reference dataset to be

used for long-term extrapolation.

• Consistency: the reference dataset should not reveal any abrupt change or unrealistic trend. 3E

applies a SNHT test [2] order to identify discontinuities. If this happens, then the available

period is limited to ensure homogeneity. 3E then also applies a Mann-Kendall test [5][6] (90%

confidence interval) in order to identify possible trends. Again, the available period is limited to

ensure the absence of a trend.

3E considers 3 state-of-the-art long-term extrapolation methods: Linear regression MCP, Matrix MCP 

and Wind Index.  

3E only considers MCP methods if r (all data) exceeds a threshold of 0.7. For the Wind Index method, 3E 

considers that the same threshold applies, but this time using the monthly averaged r-value. 

For each selected reference dataset, 3E applies the applicable extrapolation method(s), depending on r 

(all data) and r (monthly averages). 

• For Sitapur 80m Mast: the least uncertainty4 is obtained from ERA-5 at grid point 86.7°E 26.56°N

using the Matrix MCP method, which is therefore the selected combination of reference data and

extrapolation method. The agreement between the measurements and the reference dataset are

given in Annex I.

4 Uncertainty figure results from a calculation based on many parameters (cf. section 5.6) and is calculated for 

every potential combination of reliable reference data and long-term extrapolation method.in order to identify the 

combination with the lowest uncertainty, which should then be used in the study. 
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• The result of the long-term extrapolation based on the MCP method is a new time series of expected

wind speeds and directions, over the 20-year period 01/01/2000 - 31/12/2019. The Weibull

parameters of this new time series are given in Annex K. Weibull parameters per sector at 80 m AGL

and charts of the long-term wind regime (mean wind speed, frequency and energy roses) are

provided in Annex J. The mean wind speed expected over the long-term is slightly lower than

measured over the short-term (4.37 m/s compared to 4.50 m/s); the prevailing wind direction is East

and East-South-East, which is exactly same what is observed over the short-term.

Figure 3: Annual windiness relative to last concurrent year 

5.3 WIND FLOW MODELLING 

Terrain features influence the wind flow and thus play a significant role in the spatial extrapolation of 

the wind regime. The software package WindPRO and the WAsP wind flow model are used in the 

present study. WAsP requires a terrain model describing elevation, roughness and other relevant 

obstacles to the wind flow that are not modelled as roughness. 

The terrain model used in this study represents the current conditions, which are assumed to remain the 

same over the wind farm lifetime. 

Terrain model 

a. Elevation

The wind regime can be highly influenced by elevation differences across the site. For this study, terrain 

elevation is modelled within a radius of 15 km (in line with WAsP recommendations [7]) based on SRTM 

data. Height contour lines are then generated with an elevation difference of 5 m between two 

successive lines.  

It should be noted that SRTM is a digital surface model (DSM), which includes features such as forests 

and buildings. This is accounted for in the uncertainty assessment (cf. section 5.6).  
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b. Roughness length

Roughness length is a key parameter of the equation that governs wind shear. Changes in roughness 

length cause variations of wind shear, which propagate vertically as the air flows over the site. The 

impact at measurement or hub height therefore varies with distance to roughness changes but is also 

related to atmospheric conditions. 

Given that roughness length is closely related to land use, terrain roughness is typically modelled using a 

land-use database. However, no such suitable database with the required quality and resolution is 

available for the project sites considered in this study. Therefore, the roughness maps have been 

created manually based on aerial photos and covering an area with a radius of 20km around each site. 

The roughness length values considered are presented in the caption of the following figures.  

Figure 4: Elevation map 15x15km (with mast in center) with 

5m elevation difference between lines. Altitudes in map range 

from 75m to 135m (warmer colors indicate higher altitudes).  

Figure 5: Ground roughness map 20x20km (with mast in center). 

Background roughness length is 0.06m, corresponding to open 

field with distributed rows of trees and shrubs. Roughness 

length for specific areas are 0.0m for the river(yellow) and 0.5m 

for areas covered with forest trees, discontinuous urban fabric 

and shrubs in the wetland region (purple color) 
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Wind flow model 

WAsP is used to extrapolate the wind regime to the mast location. It involves two steps: a vertical 

extrapolation of the wind regime and a horizontal extrapolation of the wind regime. 

a. Horizontal extrapolation of the wind regime 

In this study, wind measurements are only available at a single location, which does not allow any 

validation of the horizontal extrapolation of the wind regime. 

b. Vertical extrapolation of the wind regime 

By default, WAsP is configured for atmospheric conditions typical of North-Western Europe. Therefore, 

parameters sometimes need to be adapted. In particular, some parameters strongly affect the vertical 

extrapolation of the wind regime and can be validated and calibrated if necessary, by comparison of the 

measured and calculated wind shears.  

In this study, WAsP parameters are adapted so that the calculated wind shear agrees with the short-

term measured wind shear as presented below; 

 Parameter Default Value Adapted to 

Offset heat flux over land -40 -30 

 

The mean wind speeds measured at the various heights over the short-term period limited to 2 years 

(cf. Section 5.2) and the vertical wind speed profile calculated by WAsP from the measurements at 80 m 

AGL and from the adapted model parameters are given in the following graph. 

 

Figure 6: Mean wind speeds measured over the short-term period limited to 2 years and vertical wind speed profile 

calculated by WAsP using measurements at 80 m AGL 
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The table below presents the wind shear; 

Measurement Device Shear Exponent (Between 60m – 80m) 

Sitapur 0.284 

5.4 EXTREME WIND SPEED ANALYSIS AT MAST LOCATION 

Various methods are available to compute extreme wind speed from short-term site measurements, 

such as annual maxima, independent storms, r-largest extremes with the Generalized Extreme Value 

(GEV) distribution or peak-over-threshold (POT) extreme with Generalized Pareto Distribution (GPD). 

The accuracy of the results is largely dependent on the length of the data set collected on site (see e.g. 

[3]. A minimum of 10 years is usually required, although some methods may provide suitable results for 

time series as short as six years [4]. Working with shorter datasets implies large standard errors (as it is 

inversely proportional to the sample size). 

Considering the available measurement period of the available data, the Peak-Over-Threshold (POT) 

method with Generalized Pareto Distribution (GPD) was considered the best performing. Indeed, the 

other methods were not suitable for evaluating the extreme wind speed since they required longer time 

series than what is available for this project. Due to the fact that the short meteorological stations in the 

region did not have good enough quality (low data availability, no visibility on the campaign 

maintenance, etc., therefore low data reliability); they did not allow for further analysis based on 

different methodologies. 

The results based on the POT method are presented below: 

Measurement Device Extreme wind speed [m/s] 

Sitapur 36.7 m/s  

 

5.5 ENERGY PRODUCTION CALCULATION 

In agreement with the World Bank, the energy production is calculated for a single turbine at the mast 

location. A generic 2 MW turbine with a hub height of 80 m is selected for the purpose of this study.  

Gross energy production 

A gross energy production refers to the theoretical energy production that would be achieved if there 

was no operational loss. It is calculated by combining the wind regime at a wind turbine location and 

hub height to the power curve specific to the considered wind turbine type and corrected for local hub 

height air density. This is done using the software WindPRO.  

Since the energy content of the wind varies proportionally to air density, power curves are adapted 

accordingly before being used in calculations. The adaptation is done using the new recommended 

WindPRO method (adjusted IEC 61400-12 method, improved to match turbine control) [8]. 

For this project, air density at hub height is 1,145 kg/m³ on the wind turbine location and hub height. Air 

density is calculated by WindPRO based on the temperature and pressure measurements from the 

meteorological mast and extrapolated to the long-term using the ERA5 grid point at E86.70, N26.56. 

Air density calculation results on mast locations are provided in Annex N. 

Important Note: AEP calculation results are specific to the considered wind turbine power curve. 

Therefore, when procuring the wind turbines for the project, it should be verified that the power curve 
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guaranteed by the manufacturer in the procurement contract corresponds to the one used in this study. 

Any change to the power curve may require the recalculation of the AEP. 

Energy production losses 

In addition to energy conversion losses taken into account in the power curve, other losses affect the 

electrical power expected to be delivered to the grid. The following losses are taken into account in this 

study and are summarised below.  

• Wake losses: Wake losses are due to the mutual influence of the wind turbines and are

calculated using the N.O. Jensen (EMD) : 2005 wake model implemented in WindPRO.

• Unavailability losses: Unavailability losses are due to downtime of the wind turbines or balance

of plant (maintenance or technical incidents) as well as downtime of the power grid.

• Performance losses: Turbine performance losses are typically due to high wind hysteresis, yaw

misalignment, wind flow inclination, turbulence, wind shear and other differences between

turbine power curve test conditions.

• Electrical losses: Electrical losses occur in cables and transformers ensuring electrical

transmission to the wind farm substation.

• Environmental losses: Environmental losses account for the performance degradation of the

wind turbines due to environmental conditions.

The energy production losses defined in the preceding section are summarized below. 

Wake losses [%] 0.0 

Unavailability losses [%] 3.7 

Performance losses [%] 0.5 

Electrical losses [%] 1.5 

Environmental losses [%] 0.3 

Total losses [%] 5.8 

Net energy production 

The expected wind farm energy production figures for a single generic 2 MW wind turbine at the mast 

location are as follows: 

Gross energy production [MWh/y] 2,923 

Total energy production losses [%] 5.8 

Net energy production (AEP) [MWh/y] 2,753 

Net full load equivalent hours [h/y] 1,377 

Net capacity factor [%] 15.7 



16 

5.6 UNCERTAINTY ANALYSIS 

Some uncertainty components are directly quantified in terms of energy production, whereas some 

other uncertainty components are first quantified in terms of wind speed, then translated into 

uncertainties in terms of energy production, by applying a sensitivity factor. The sensitivity factor relates 

energy production change to wind speed change. 

The global uncertainty is then calculated from the individual uncertainty components by assuming that 

they are independent and that the resulting uncertainty follows a normal distribution (central-limit 

theorem). They can therefore be combined by calculating the square root of the sum of the squares of 

each uncertainty. 

Some uncertainty components are directly quantified in terms of energy production, whereas some 

other uncertainty components are first quantified in terms of wind speed, then translated into 

uncertainties in terms of energy production, by applying a sensitivity factor. The sensitivity factor relates 

energy production change to wind speed change. For this specific project, the sensitivity factor is 

calculated to be 2.65. 

In this study, the following sources of uncertainty are considered. 

• Wind measurements (wind speed)

• Long-term extrapolation (wind speed)

• Vertical extrapolation (wind speed)

• Future wind variability (wind speed)

• Weibull Representativity (wind speed)

• Power curve (production)

• Energy production losses (production)

The table below presents the breakdown of uncertainty analysis in terms of annual energy production. 

Wind measurements [% AEP] 5.3 

Long-term extrapolation [% AEP] 7.3 

Vertical extrapolation [% AEP] 0.0 

Future wind variability [20 years] [% AEP] 4.5 

Weibull Representativity [% AEP] 2.0 

Power curve [% AEP] 10.5 

Production losses [% AEP] 1.1 

Combined uncertainty [20 years] [% AEP] 14.7 



17 

AEPs over 20 year period exceeded with various probabilities of 50%  to 95% are are as follows: 

1 year AEP (P50) [MWh/y] 2,753 

AEP (P75) [MWh/y] 2,355 

AEP (P90) [MWh/y] 1,997 

AEP (P95) [MWh/y] 1,783 

10 years AEP (P50) [MWh/y] 2,753 

AEP (P75) [MWh/y] 2,469 

AEP (P90) [MWh/y] 2,213 

AEP (P95) [MWh/y] 2,060 

15 years AEP (P50) [MWh/y] 2,753 

AEP (P75) [MWh/y] 2,477 

AEP (P90) [MWh/y] 2,228 

AEP (P95) [MWh/y] 2,079 

20 years AEP (P50) [MWh/y] 2,753 

AEP (P75) [MWh/y] 2,480 

AEP (P90) [MWh/y] 2,234 

AEP (P95) [MWh/y] 2,087 
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5.7 TURBULENCE ANALYSIS 

The measured turbulence at 80 m AGL compared to the IEC curves is depicted in the figures below. 

The effective turbulence intensity measured at Sitapur 1 at 80 m AGL is above the representative 

turbulence intensity of Class A wind turbines (IEC 61400-1, ed. 3.0) for the wind speed range of 12.5 m/s 

to 26 m/s. Different turbulence values were measured at high speeds and they caused the turbulence 

graph to have an unusual shape. This exceedance is due to the small number of data at that wind speed 

bin and low wind speed average. 

Figure 7: Turbulence at 80 m AGL compared to the IEC curves 
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6. SITE 2 – PIDARI, MORANG 

6.1 MEASUREMENT CAMPAIGN 

Pidari measurement campaign started on 23/01/2018. A site visit carried out by 3E for commissioning 

on 19/11/2017 and for preventative maintenance on 05/12/2018. 

Data have been collected and checked regularly until the report date. 

The following problems were encountered during the measurement campaign: 

• Boom orientation problem for wind vane @78.5m between 23/01/2018 – 07/12/2018 

• Boom orientation problem for wind vane @58.5m between 25/09/2018 – 07/12/2018 

• Datalogger channel problem for wind vane @78.5m between 05/06/2019 – 23/10/2019 

The following changes were applied to the data during the post processing; 

• The following offsets were applied on the wind vanes to account for the boom orientation: 

o Vane @78.5m: -61° (Between 23/01/2018 – 07/12/2018) 

o Vane @58.5m: -44° (Between 25/09/2018 – 07/12/2018) 

 

• The wind vane @78.5m was patched with data from the wind vane @58.5m between 

23/01/2018 – 24/09/2018  

• The wind vane @58.5m was patched with data from the wind vane @78.5m between 

05/06/2019 – 23/10/2019 

  

6.2 WIND DATA PROCESSING 

Short-term wind regime 

The anemometer calibration parameters stated in the calibration reports are applied to the raw data. The 

data are then cleaned. 

To verify the validity of an anemometer's calibration throughout the measurement period, the IEC 

61400-12-1 [4] offers two methods: a post-calibration or an in-situ anemometer comparison. Since no 

post-calibration has been carried out, the in-situ calibration procedure as described in Annex D of the 

IEC standard has been carried out to check the anemometer integrity throughout the measurement 

period. The two anemometers mounted at 80m Ch1 and 80m Ch2 were considered for the test; the one 

connected to CH1 as the primary and the other one as the control anemometer. The in-situ test 

identified that side-mounted anemometer at 80m with a 0° boom direction for Pidari maintain the 

validity of their calibration throughout the full measurement period. For some wind speeds, it hasn't 

been calculated according to lack of bins. 

More details on the procedure and results of the in-situ test are provided in Annex D. 

In order to avoid the introduction of a seasonal bias in the next steps of the study, the short-term period 

is limited to complete years (2 years from 24/02/2018 to 23/02/2020 in this case ).This period selection 

is made taking account the data availability over the whole period and is based on a rolling period 
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analysis. Data recovery rates of that period can be found in Annex C, wind regime roses in Annex E and 

Weibull parameters in Annex F. 

The mast shading effect is corrected by alternatively using the measurements of both anemometers at 

each height depending on the wind direction. 

Height Primary 

anemometer 

Secondary 

anemometer 

Wind directions where secondary 

anemometer is used 

80 m C1 C2 169° - 179° 

Annex H presents the seasonal and diurnal variations observed over the short-term. 

Long-term wind regime 

The long-term extrapolation is performed in three steps: first, the most reliable reference datasets are 

identified, then the best combination of reference data and extrapolation method is selected. 

Eventually, the combination of dataset and method resulting in the lowest uncertainty (cf. section 6.6) is 

selected. 

3E selects reference dataset from the following sources: 

• MERRA-2 and ERA-5 reanalysis data from WindPRO (4 closest grid points),

• Meteorological station data from WindPRO,

The following criteria are used to select reference datasets from these sources: 

• Agreement: the reference dataset should agree with the measurements in terms of wind speed

variations over time. This agreement is quantified by the Pearson correlation coefficient “r”. 3E

considers a Pearson coefficient of 0.7 (all data or monthly averages) as a minimum prerequisite

for a reference dataset to be considered for long-term extrapolation.

• Time resolution: the time resolution of the reference dataset should be constant over time. In

case time resolution varies, 3E resamples data to a constant time resolution.

• Data availability: missing periods should be limited and evenly distributed over time. 3E

considers data availability above 80 % as a minimum prerequisite for a reference dataset to be

used for long-term extrapolation.

• Consistency: the reference dataset should not reveal any abrupt change or unrealistic trend. 3E

applies a SNHT test [2] order to identify discontinuities. If this happens, then the available

period is limited to ensure homogeneity. 3E then also applies a Mann-Kendall test [5][6] (90%

confidence interval) in order to identify possible trends. Again, the available period is limited to

ensure the absence of a trend.

3E considers 3 state-of-the-art long-term extrapolation methods: Linear regression MCP, Matrix MCP 

and Wind Index.  

3E only considers MCP methods if r (all data) exceeds a threshold of 0.7. For the Wind Index method, 3E 

considers that the same threshold applies, but this time using the monthly averaged r-value. 
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For each selected reference dataset, 3E applies the applicable extrapolation method(s), depending on r 

(all data) and r (monthly averages). 

• For Pidari 80m Mast: the least uncertainty5 is obtained from ERA-5 at grid point 87.75°E 26.25°N

using the Matrix MCP method, which is therefore the selected combination of reference data and

extrapolation method. The agreement between the measurements and the reference dataset are

given in Annex I.

• The result of the long-term extrapolation based on the MCP method is a new time series of expected

wind speeds and directions, over the 20-year period 01/04/2000 - 31/03/2020. The Weibull

parameters of this new time series are given in Annex K. Weibull parameters per sector at 80 m AGL

and charts of the long-term wind regime (mean wind speed, frequency and energy roses) are

provided in Annex J. The mean wind speed expected over the long-term is slightly lower than

measured over the short-term (4.34 m/s compared to 4.38m/s); the prevailing wind direction is East

and East-North-East, which is exactly same what is observed over the short-term.

Figure 8: Annual windiness relative to last concurrent year 

6.3 WIND FLOW MODELLING 

Terrain features influence the wind flow and thus play a significant role in the spatial extrapolation of 

the wind regime. The software package WindPRO and the WAsP wind flow model are used in the 

present study. WAsP requires a terrain model describing elevation, roughness and other relevant 

obstacles to the wind flow that are not modelled as roughness. 

The terrain model used in this study represents the current conditions, which are assumed to remain the 

same over the wind farm lifetime. 

5 Uncertainty figure results from a calculation based on many parameters (cf. section 7.6) and is calculated for 

every potential combination of reliable reference data and long-term extrapolation method.in order to identify the 

combination with the lowest uncertainty, which should then be used in the study. 
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Terrain model 

a. Elevation

The wind regime can be highly influenced by elevation differences across the site. For this study, terrain 

elevation is modelled within a radius of 15 km (in line with WAsP recommendations [7]) based on SRTM 

data. Height contour lines are then generated with an elevation difference of 5 m between two 

successive lines.  

It should be noted that SRTM is a digital surface model (DSM), which includes features such as forests 

and buildings. This is accounted for in the uncertainty assessment (cf. section 6.6) 

b. Roughness length

Roughness length is a key parameter of the equation that governs wind shear. Changes in roughness 

length cause variations of wind shear, which propagate vertically as the air flows over the site. The 

impact at measurement or hub height therefore varies with distance to roughness changes but is also 

related to atmospheric conditions. 

Given that roughness length is closely related to land use, terrain roughness is typically modelled using a 

land-use database. However, no such suitable database with the required quality and resolution is 

available for the project sites considered in this study. Therefore, the roughness maps have been 

created manually based on aerial photos and covering an area with a radius of 20km around each site. 

The roughness length values considered are presented in the caption of the following figures.  

Figure 9: Elevation map 15x15km (with mast in center) with 5m 

elevation difference between lines. Altitudes in map range 

from 45m to 155m (warmer colors indicate higher altitudes).  

Figure 10: Ground roughness map 20x20km (with mast in 

center). Background roughness length is 0.06m, corresponding 

to open field with distributed rows of trees and shrubs. 

Roughness length for specific areas are 0.004m for the river 

and alluvium areas(yellow) and 0.5m for areas covered with 

forest trees, discontinuous urban fabric and shrubs in the 

wetland region (purple color) 
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Wind flow model 

WAsP is used to extrapolate the wind regime to the mast location. It involves two steps: a vertical 

extrapolation of the wind regime and a horizontal extrapolation of the wind regime. 

a. Horizontal extrapolation of the wind regime

In this study, wind measurements are only available at a single location, which does not allow any 

validation of the horizontal extrapolation of the wind regime. 

b. Vertical extrapolation of the wind regime

By default, WAsP is configured for atmospheric conditions typical of North-Western Europe. Therefore, 

parameters sometimes need to be adapted. In particular, some parameters strongly affect the vertical 

extrapolation of the wind regime and can be validated and calibrated if necessary, by comparison of the 

measured and calculated wind shears.  

In this study, WAsP parameters are adapted so that the calculated wind shear agrees with the short-

term measured wind shear as presented below; 

 Parameter Default Value Adapted to 

Offset heat flux over land -40 -30

The mean wind speeds measured at the various heights over the short-term period limited to 2 years 

(cf. Section 6.2) and the vertical wind speed profile calculated by WAsP from the measurements at 80 m 

AGL and from the adapted model parameters are given in the following graph. 

Figure 11: Mean wind speeds measured over the short-term period limited to 2 complete years and vertical wind 

speed profile calculated by WAsP using measurements at 80 m AGL 
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The table below presents the wind shear; 

Measurement Device Shear Exponent (Between 60m – 80m) 

Pidari 0.302 

6.4 EXTREME WIND SPEED ANALYSIS AT MAST LOCATION 

Various methods are available to compute extreme wind speed from short-term site measurements, 

such as annual maxima, independent storms, r-largest extremes with the Generalized Extreme Value 

(GEV) distribution or peak-over-threshold (POT) extreme with Generalized Pareto Distribution (GPD). 

The accuracy of the results is largely dependent on the length of the data set collected on site (see e.g. 

[3]. A minimum of 10 years is usually required, although some methods may provide suitable results for 

time series as short as six years [4]. Working with shorter datasets implies large standard errors (as it is 

inversely proportional to the sample size). 

Considering the available measurement period of the available data, the Peak-Over-Threshold (POT) 

method with Generalized Pareto Distribution (GPD) was considered the best performing. Indeed, the 

other methods were not suitable for evaluating the extreme wind speed since they required longer time 

series than what is available for this project. Due to the fact that the short meteorological stations in the 

region did not have good enough quality (low data availability, no visibility on the campaign 

maintenance, etc., therefore low data reliability); they did not allow for further analysis based on 

different methodologies. 

The results based on the POT method are presented below: 

Measurement Device Extreme wind speed [m/s] 

Sitapur 30.6 m/s 

6.5 ENERGY PRODUCTION CALCULATION 

In agreement with the World Bank, the energy production is calculated for a single turbine at the mast 

location. A generic 2 MW turbine with a hub height of 80 m is selected for the purpose of this study.  

Gross energy production 

A gross energy production refers to the theoretical energy production that would be achieved if there 

was no operational loss. It is calculated by combining the wind regime at a wind turbine location and 

hub height to the power curve specific to the considered wind turbine type and corrected for local hub 

height air density. This is done using the software WindPRO.  

Since the energy content of the wind varies proportionally to air density, power curves are adapted 

accordingly before being used in calculations. The adaptation is done using the new recommended 

WindPRO method (adjusted IEC 61400-12 method, improved to match turbine control) [8]. 

For this project, air density at hub height is 1,150 kg/m³ on the wind turbine location and hub height. Air 

density is calculated by WindPRO based on the temperature and pressure measurements from the 

meteorological mast and extrapolated to the long-term using the ERA5 grid point at E87.75, N26.25. 

Air density calculation results on mast locations are provided in Annex N. 

Important Note: AEP calculation results are specific to the considered wind turbine power curve. 

Therefore, when procuring the wind turbines for the project, it should be verified that the power 
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curve guaranteed by the manufacturer in the procurement contract corresponds to the one used in 

this study. Any change to the power curve may require the recalculation of the AEP. 

Energy production losses 

In addition to energy conversion losses taken into account in the power curve, other losses affect the 

electrical power expected to be delivered to the grid. The following losses are taken into account in this 

study and are summarised below.  

• Wake losses: Wake losses are due to the mutual influence of the wind turbines and are

calculated using the N.O. Jensen (EMD) : 2005 wake model implemented in WindPRO.

• Unavailability losses: Unavailability losses are due to downtime of the wind turbines or balance

of plant (maintenance or technical incidents) as well as downtime of the power grid.

• Performance losses: Turbine performance losses are typically due to high wind hysteresis, yaw

misalignment, wind flow inclination, turbulence, wind shear and other differences between

turbine power curve test conditions.

• Electrical losses: Electrical losses occur in cables and transformers ensuring electrical

transmission to the wind farm substation.

• Environmental losses: Environmental losses account for the performance degradation of the

wind turbines due to environmental conditions.

The energy production losses defined in the preceding section are summarized below. 

Wake losses [%] 0.0 

Unavailability losses [%] 3.7 

Performance losses [%] 0.5 

Electrical losses [%] 1.5 

Environmental losses [%] 0.3 

Total losses [%] 5.8 

Net energy production 

The expected wind farm energy production figures for a single generic 2 MW wind turbine at the mast 

location are as follows: 

Gross energy production [MWh/y] 2,711 

Total energy production losses [%] 5.8 

Net energy production (AEP) [MWh/y] 2,553 

Net full load equivalent hours [h/y] 1,277 

Net capacity factor [%] 14.6 
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6.6 UNCERTAINTY ANALYSIS 

Some uncertainty components are directly quantified in terms of energy production, whereas some 

other uncertainty components are first quantified in terms of wind speed, then translated into 

uncertainties in terms of energy production, by applying a sensitivity factor. The sensitivity factor relates 

energy production change to wind speed change. 

The global uncertainty is then calculated from the individual uncertainty components by assuming that 

they are independent and that the resulting uncertainty follows a normal distribution (central-limit 

theorem). They can therefore be combined by calculating the square root of the sum of the squares of 

each uncertainty. 

Some uncertainty components are directly quantified in terms of energy production, whereas some 

other uncertainty components are first quantified in terms of wind speed, then translated into 

uncertainties in terms of energy production, by applying a sensitivity factor. The sensitivity factor relates 

energy production change to wind speed change. For this specific project, the sensitivity factor is 

calculated to be 2.82. 

In this study, the following sources of uncertainty are considered. 

• Wind measurements (wind speed) 

• Long-term extrapolation (wind speed) 

• Vertical extrapolation (wind speed) 

• Future wind variability (wind speed) 

• Weibull Representativity (wind speed) 

• Power curve (production) 

• Energy production losses (production) 

The table below presents the breakdown of uncertainty analysis in terms of annual energy production. 

Wind measurements [% AEP] 5.6 

Long-term extrapolation [% AEP] 9.5 

Vertical extrapolation [% AEP] 0.0 

Future wind variability [20 years] [% AEP] 4.8 

Weibull Representativity [% AEP] 4.3 

Power curve [% AEP] 11.2 

Production losses [% AEP] 1.1 

Combined uncertainty [20 years] [% AEP] 17.0 
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AEPs over 20 year period exceeded with various probabilities of 50%  to 95% are are as follows: 

1 year AEP (P50) [MWh/y] 2,553 

AEP (P75) [MWh/y] 2,144 

AEP (P90) [MWh/y] 1,775 

AEP (P95) [MWh/y] 1,555 

10 years AEP (P50) [MWh/y] 2,553 

AEP (P75) [MWh/y] 2,250 

AEP (P90) [MWh/y] 1,977 

AEP (P95) [MWh/y] 1,813 

15 years AEP (P50) [MWh/y] 2,553 

AEP (P75) [MWh/y] 2,257 

AEP (P90) [MWh/y] 1,990 

AEP (P95) [MWh/y] 1,830 

20 years AEP (P50) [MWh/y] 2,553 

AEP (P75) [MWh/y] 2,260 

AEP (P90) [MWh/y] 1,996 

AEP (P95) [MWh/y] 1,838 
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6.7 TURBULENCE ANALYSIS 

The measured turbulence at 80 m AGL compared to the IEC curves is depicted in the figures below. 

The effective turbulence intensity measured at Pidari at 80 m AGL is above the representative 

turbulence intensity of Class A wind turbines (IEC 61400-1, ed. 3.0) for the wind speed range of 12.5 m/s 

to 20.5 m/s. Different turbulence values were measured at high speeds and they caused the turbulence 

graph to have an unusual shape. This exceedance is due to the small number of data at that wind speed 

bin and low wind speed average. 

Figure 12: Turbulence at 80 m AGL compared to the IEC curves 
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7. SITE 3 – TANGBE, MUSTANG

7.1 MEASUREMENT CAMPAIGN 

Tangbe measurement campaign started on 05/04/2019. A site visit carried out by 3E for commissioning 

on 04/04/2019. 

Data have been collected and checked regularly until the report date. 

The following problems were encountered during the measurement campaign: 

• @78.5m Wind vane problem since 09.05.2019

• @58.5m Wind vane problem since 09.05.2019

• @60m Anemometer problem since 02.05.2019

• @20m Anemometer problem since 02.05.2019

• @80m Anemometer problem since 04.07.2019

7.2 WIND DATA PROCESSING 

Short-term wind regime 

To verify the validity of an anemometer's calibration throughout the measurement period, the IEC 

61400-12-1 [4] offers two methods: a post-calibration or an in-situ anemometer comparison. No post-

calibration has been carried out and in-situ test was not completed due to vector anemometer problems 

at the highest level. 

After data processing, it has been observed that, due to problems encountered with the measurement 

campaign, the available data useful for the following steps is reduced to 1.1 months. In order to avoid 

the introduction of a seasonal bias and to go forward with the energy yield calculations, it has been 

decided to patch the holes with data from the Kagbeni mast (Site 6) which is located 5.3 km south in 

agreement with the World Bank. The amount of available data from the Tangbe mast is so low that it is 

not possible to carry out this patching following the best practices, i.e. using MCP methods. Therefore, 

the following steps have been taken, which are not compliant with the best practices but are selected as 

a reasonable option to continue with the calculations and provide an overview of the wind climate in 

the region (in agreement with the World Bank): 

- The wind speed values measured on Tangbe and Kagbeni sites are observed to be very similar to

each other during the concurrent period. Therefore, the wind speed data from Kagbeni have

been used without any modification to fill up the holes of the Tangbe data.

- Concerning the wind direction data, an offset of ~15° has been observed between the 2 sites

during the concurrent period where direction data has been available on both masts. Therefore,

the direction data of the Kangbe site are offset by -15°before the paching the missing time

stamps.

Consequently, the short-term data at 80m has been extended to the full available period at the Kagbeni 

site, more precisely to 11.1 months (06/04/2019 to 07/03/2020). Data recovery rates of that period can 

be found in Annex C, wind regime roses in Annex E and Weibull parameters in Annex F. 
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In this study, it was not possible to identify any mast shading effect due to the problems encountered on 

the top vector anemometer problem; hence the First Class Thies anemometer has been used for the 

calculations. 

Height Primary 

anemometer 

Secondary 

anemometer 

Wind directions where secondary 

anemometer is used 

80 m C1 - - 

Annex H presents the seasonal and diurnal variations observed over the short-term. 

Long-term wind regime 

No long-term extrapolation has been applied to the short-term data taking into the fact that its data has 

been patched in a pragmatic way as explained in the previous section by using the data of the Kagbeni 

mast. The nature of the patching applied prevents the application of a long-term extrapolation on the 

short-term data. 

7.3 WIND FLOW MODELLING 

Terrain features influence the wind flow and thus play a significant role in the spatial extrapolation of 

the wind regime. The software package WindPRO and the WAsP wind flow model are used in the 

present study. WAsP requires a terrain model describing elevation, roughness and other relevant 

obstacles to the wind flow that are not modelled as roughness. 

The terrain model used in this study represents the current conditions, which are assumed to remain the 

same over the wind farm lifetime. 

Terrain model 

a. Elevation

The wind regime can be highly influenced by elevation differences across the site. For this study, terrain 

elevation is modelled within a radius of 15 km (in line with WAsP recommendations [7]) based on SRTM 

data. Height contour lines are then generated with an elevation difference of 5 m between two 

successive lines.  

It should be noted that SRTM is a digital surface model (DSM), which includes features such as forests 

and buildings. This is accounted for in the uncertainty assessment (cf. section 7.6) 

b. Roughness length

Roughness length is a key parameter of the equation that governs wind shear. Changes in roughness 

length cause variations of wind shear, which propagate vertically as the air flows over the site. The 

impact at measurement or hub height therefore varies with distance to roughness changes but is also 

related to atmospheric conditions. 
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Given that roughness length is closely related to land use, terrain roughness is typically modelled using a 

land-use database. However, no such suitable database with the required quality and resolution is 

available for the project sites considered in this study. Therefore, the roughness maps have been 

created manually based on aerial photos and covering an area with a radius of 20km around each site. 

The roughness length values considered are presented in the caption of the following figures.  

Figure 13: Elevation map 15x15km (with mast in center) with 

5m elevation difference between lines. Altitudes in map range 

from 1320m to 7760m (warmer colors indicate higher 

altitudes).  

Figure 14: Ground roughness map 20x20km (with mast in 

center). Background roughness length is 0.06m, corresponding 

to open field with distributed rows of shrubs. Roughness length 

for specific areas: 0.004m for rivers and coastal lagoons. 

Wind flow model 

WAsP is used to extrapolate the wind regime to the mast location. It involves two steps: a vertical 

extrapolation of the wind regime and a horizontal extrapolation of the wind regime. 

a. Horizontal extrapolation of the wind regime

In this study, wind measurements are only available at a single location, which does not allow any 

validation of the horizontal extrapolation of the wind regime. 

b. Vertical extrapolation of the wind regime

By default, WAsP is configured for atmospheric conditions typical of North-Western Europe. Therefore, 

parameters sometimes need to be adapted. In particular, some parameters strongly affect the vertical 

extrapolation of the wind regime and can be validated and calibrated if necessary, by comparison of the 

measured and calculated wind shears.  

In this study, due to the problems encountered in the measurement campaign (cf. Section 7.1), a shear 

analysis based on the measured data has not been possible. However, taking into account the similarity 

with the Kagbeni site (site 6), it has been decided to use the WAsP parameters used for the Kagbeni site 

as stated in the table below. 

 Parameter Default Value Adapted to 

Offset heat flux over land -40 80 
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7.4 EXTREME WIND SPEED ANALYSIS AT MAST LOCATION 

Various methods are available to compute extreme wind speed from short-term site measurements, 

such as annual maxima, independent storms, r-largest extremes with the Generalized Extreme Value 

(GEV) distribution or peak-over-threshold (POT) extreme with Generalized Pareto Distribution (GPD). 

The accuracy of the results is largely dependent on the length of the data set collected on site (see e.g. 

[3]. A minimum of 10 years is usually required, although some methods may provide suitable results for 

time series as short as six years [4]. Working with shorter datasets implies large standard errors (as it is 

inversely proportional to the sample size). 

Considering the available measurement period of the available data, the Peak-Over-Threshold (POT) 

method with Generalized Pareto Distribution (GPD) was considered the best performing. Indeed, the 

other methods were not suitable for evaluating the extreme wind speed since they required longer time 

series than what is available for this project. Due to the fact that the short meteorological stations in the 

region did not have good enough quality (low data availability, no visibility on the campaign 

maintenance, etc., therefore low data reliability); they did not allow for further analysis based on 

different methodologies. 

The results based on the POT method are presented below: 

 

Measurement Device Extreme wind speed [m/s] 

Tangbe* 27.6 m/s  

 

It should be noted that the extreme wind speed analysis has been based on the patched short-term data 

as explained in Section 7.2. Therefore, the value presented in the table above should be treated with 

caution. On the other hand, the fact that it is in line with the value calculated for the neighbouring 

Kagbeni site (located 5.3 km south from the Tangbe mast), increases the confidence that it is a realistic 

value for this site. 

 

*Patched with Site6 Kagbeni data have been used for the extreme wind speed analysis.  
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7.5 ENERGY PRODUCTION CALCULATION 

In agreement with the World Bank, the energy production is calculated for a single turbine at the mast 

location. A generic 2 MW turbine with a hub height of 80 m is selected for the purpose of this study.  

Gross energy production 

A gross energy production refers to the theoretical energy production that would be achieved if there 

was no operational loss. It is calculated by combining the wind regime at a wind turbine location and 

hub height to the power curve specific to the considered wind turbine type and corrected for local hub 

height air density. This is done using the software WindPRO.  

Since the energy content of the wind varies proportionally to air density, power curves are adapted 

accordingly before being used in calculations. The adaptation is done using the new recommended 

WindPRO method (adjusted IEC 61400-12 method, improved to match turbine control) [8]. 

For this project, air density at hub height is 0,851 kg/m³ on the wind turbine location and hub height. Air 

density is calculated by WindPRO based on the temperature and pressure measurements from the 

meteorological mast and extrapolated to the long-term using the ERA5 grid point at E87.75, N26.25. 

Air density calculation results on mast locations are provided in Annex N. 

Important Note: AEP calculation results are specific to the considered wind turbine power curve. 

Therefore, when procuring the wind turbines for the project, it should be verified that the power 

curve guaranteed by the manufacturer in the procurement contract corresponds to the one used in 

this study. Any change to the power curve may require the recalculation of the AEP. 

Energy production losses 

In addition to energy conversion losses taken into account in the power curve, other losses affect the 

electrical power expected to be delivered to the grid. The following losses are taken into account in this 

study and are summarised below.  

• Wake losses: Wake losses are due to the mutual influence of the wind turbines and are

calculated using the N.O. Jensen (EMD) : 2005 wake model implemented in WindPRO.

• Unavailability losses: Unavailability losses are due to downtime of the wind turbines or balance

of plant (maintenance or technical incidents) as well as downtime of the power grid.

• Performance losses: Turbine performance losses are typically due to high wind hysteresis, yaw

misalignment, wind flow inclination, turbulence, wind shear and other differences between

turbine power curve test conditions.

• Electrical losses: Electrical losses occur in cables and transformers ensuring electrical

transmission to the wind farm substation.

• Environmental losses: Environmental losses account for the performance degradation of the

wind turbines due to environmental conditions.
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The energy production losses defined in the preceding section are summarized below. 

Wake losses [%] 0.0 

Unavailability losses [%] 3.7 

Performance losses [%] 1.6 

Electrical losses [%] 1.5 

Environmental losses [%] 0.3 

Total losses [%] 6.9 

Net energy production 

The expected wind farm energy production figures for a single generic 2 MW wind turbine at the mast 

location are as follows: 

Gross energy production [MWh/y] 7,016 

Total energy production losses [%] 6.9 

Net energy production (AEP) [MWh/y] 6,531 

Net full load equivalent hours [h/y] 3,265 

Net capacity factor [%] 37.2 

7.6 UNCERTAINTY ANALYSIS 

Some uncertainty components are directly quantified in terms of energy production, whereas some 

other uncertainty components are first quantified in terms of wind speed, then translated into 

uncertainties in terms of energy production, by applying a sensitivity factor. The sensitivity factor relates 

energy production change to wind speed change. 

The global uncertainty is then calculated from the individual uncertainty components by assuming that 

they are independent and that the resulting uncertainty follows a normal distribution (central-limit 

theorem). They can therefore be combined by calculating the square root of the sum of the squares of 

each uncertainty. 

Some uncertainty components are directly quantified in terms of energy production, whereas some 

other uncertainty components are first quantified in terms of wind speed, then translated into 

uncertainties in terms of energy production, by applying a sensitivity factor. The sensitivity factor relates 

energy production change to wind speed change. For this specific project, the sensitivity factor is 

calculated to be 1.2. 

In this study, the following sources of uncertainty are considered. 

• Wind measurements (wind speed)

• Long-term extrapolation (wind speed)

• Vertical extrapolation (wind speed)

• Future wind variability (wind speed)

• Weibull Representativity (wind speed)

• Power curve (production)

• Energy production losses (production)
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The table below presents the breakdown of uncertainty analysis in terms of annual energy production. 

Wind measurements [% AEP] 9.5 

Long-term extrapolation [% AEP] 0.0 

Vertical extrapolation [% AEP] 0.0 

Future wind variability [20 years] [% AEP] 7.1 

Weibull Representativity [% AEP] 1.7 

Power curve [% AEP] 4.3 

Production losses [% AEP] 1.3 

Combined uncertainty [20 years] [% AEP] 12.8 

AEPs over 20 year period exceeded with various probabilities of 50% to 95% are are as follows: 

1 year AEP (P50) [MWh/y] 6,531 

AEP (P75) [MWh/y] 5,893 

AEP (P90) [MWh/y] 5,319 

AEP (P95) [MWh/y] 4,975 

10 years AEP (P50) [MWh/y] 6,531 

AEP (P75) [MWh/y] 5,962 

AEP (P90) [MWh/y] 5,450 

AEP (P95) [MWh/y] 5,144 

15 years AEP (P50) [MWh/y] 6,531 

AEP (P75) [MWh/y] 5,966 

AEP (P90) [MWh/y] 5,458 

AEP (P95) [MWh/y] 5,154 

20 years AEP (P50) [MWh/y] 6,531 

AEP (P75) [MWh/y] 5,968 

AEP (P90) [MWh/y] 5,461 

AEP (P95) [MWh/y] 5,158 

7.7 TURBULENCE ANALYSIS 

Due to long-term problems with the anemometers, turbulence analysis could not be carried out for the 

Tangbe site. 
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8. SITE 4 – PURUNGCHHEDA, DANG 

8.1 MEASUREMENT CAMPAIGN 

Purungchheda measurement campaign started on 23/01/2018. A site visit carried out by 3E for 

commissioning on 19/11/2017 and for preventative maintenance on 12/12/2018. 

Data have been collected and checked regularly until the report date. 

The following problems were encountered during the measurement campaign: 

• Problem for top First Class anemometer @80m between 17/02/2020 – 17/04/2020 

• Datalogger channel problem for wind vane @78.5m between 22/01/2019 – 02/04/2019 

• Boom orientation problem for wind vane @58.5m between 15/03/2018 – 15/05/2018 

The following changes were applied to the data during the post processing; 

• The following offsets were applied on the wind vanes to account for the boom orientation: 

o Vane @78.5m: -45° (Between 01/11/2017 – 12/12/2018) 

o Vane @58.5m: -45° (Between 01/11/2017 – 12/12/2018) 

 

• The wind vane @78.5m was patched with data from the wind vane @58.5m between 

22/01/2019 – 02/04/2019 

• The wind vane @58.5m was patched with data from the wind vane @78.5m between 

15/03/2018 – 15/05/2018 

8.2 WIND DATA PROCESSING 

Short-term wind regime 

The anemometer calibration parameters stated in the calibration reports are applied to the raw data. The 

data are then cleaned. 

To verify the validity of an anemometer's calibration throughout the measurement period, the IEC 

61400-12-1 [4] offers two methods: a post-calibration or an in-situ anemometer comparison. Since no 

post-calibration has been carried out, the in-situ calibration procedure as described in Annex D of the 

IEC standard has been carried out to check the anemometer integrity throughout the measurement 

period. The two anemometers mounted at 80m Ch1 and 80m Ch2 were considered for the test; the one 

connected to CH1 as the primary and the other one as the control anemometer. The in-situ test 

identified that side-mounted anemometer at 80m with a 0° boom direction for Purungchheda couldn’t 

have been checked due to very low wind speeds. 

More details on the procedure and results of the in-situ test are provided in Annex D. 

In order to avoid the introduction of a seasonal bias in the next steps of the study, the short-term period 

is limited to complete years (2 years from 02/01/2018 to 01/01/2020 in this case ).This period selection 

is made taking account the data availability over the whole period and is based on a rolling period 

analysis. Data recovery rates of that period can be found in Annex C, wind regime roses in Annex E and 

Weibull parameters in Annex F. 

No mast shading effect is detected in the data analysis. 
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Annex H presents the seasonal and diurnal variations observed over the short-term. 

Long-term wind regime 

The long-term extrapolation is performed in three steps: first, the most reliable reference datasets are 

identified, then the best combination of reference data and extrapolation method is selected. 

Eventually, the combination of dataset and method resulting in the lowest uncertainty (cf. section 8.6) is 

selected. 

3E selects reference dataset from the following sources: 

• MERRA-2 and ERA-5 reanalysis data from WindPRO (4 closest grid points),

• Meteorological station data from WindPRO,

The following criteria are used to select reference datasets from these sources: 

• Agreement: the reference dataset should agree with the measurements in terms of wind speed

variations over time. This agreement is quantified by the Pearson correlation coefficient “r”. 3E

considers a Pearson coefficient of 0.7 (all data or monthly averages) as a minimum prerequisite

for a reference dataset to be considered for long-term extrapolation.

• Time resolution: the time resolution of the reference dataset should be constant over time. In

case time resolution varies, 3E resamples data to a constant time resolution.

• Data availability: missing periods should be limited and evenly distributed over time. 3E

considers data availability above 80 % as a minimum prerequisite for a reference dataset to be

used for long-term extrapolation.

• Consistency: the reference dataset should not reveal any abrupt change or unrealistic trend. 3E

applies a SNHT test [2] order to identify discontinuities. If this happens, then the available

period is limited to ensure homogeneity. 3E then also applies a Mann-Kendall test [5][6] (90%

confidence interval) in order to identify possible trends. Again, the available period is limited to

ensure the absence of a trend.

3E considers 3 state-of-the-art long-term extrapolation methods: Linear regression MCP, Matrix MCP 

and Wind Index.  

3E only considers MCP methods if r (all data) exceeds a threshold of 0.7. For the Wind Index method, 3E 

considers that the same threshold applies, but this time using the monthly averaged r-value. 

For each selected reference dataset, 3E applies the applicable extrapolation method(s), depending on r 

(all data) and r (monthly averages). 

• For Purunchheda 80m Mast: the least uncertainty6 is obtained from MERRA-2 at grid point 82.50°E

28.00°N using the Wind Index method, which is therefore the selected combination of reference data

and extrapolation method. The agreement between the measurements and the reference dataset

are given in Annex I.

6 Uncertainty figure results from a calculation based on many parameters (cf. section 8.6Error! Reference source 

not found.) and is calculated for every potential combination of reliable reference data and long-term 

extrapolation method.in order to identify the combination with the lowest uncertainty, which should then be used 

in the study. 
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• The result of the Wind Index method is a long-term correction factor of 0.97 for the mast. This

correction factor has been applied to the short-term generalised wind climate (the lib file) in

WindPro in order to obtain a long-term representative generalized wind climate. The Weibull

parameters of this new time series are given in Annex K. Weibull parameters per sector at 80 m AGL

and charts of the long-term wind regime (mean wind speed, frequency and energy roses) are

provided in Annex J. The Weibull mean wind speed expected over the long-term is slightly lower than

the Weibull mean speed over the short-term (3.86 m/s compared to 3.90 m/s); the prevailing wind

direction is West-South-West.

Figure 15: Annual windiness relative to last concurrent year 

8.3 WIND FLOW MODELLING 

Terrain features influence the wind flow and thus play a significant role in the spatial extrapolation of 

the wind regime. The software package WindPRO and the WAsP wind flow model are used in the 

present study. WAsP requires a terrain model describing elevation, roughness and other relevant 

obstacles to the wind flow that are not modelled as roughness. The terrain model used in this study 

represents the current conditions, which are assumed to remain the same over the wind farm lifetime. 

Terrain model 

a. Elevation

The wind regime can be highly influenced by elevation differences across the site. For this study, terrain 

elevation is modelled within a radius of 15 km (in line with WAsP recommendations [7]) based on SRTM 

data. Height contour lines are then generated with an elevation difference of 5 m between two 

successive lines. 

It should be noted that SRTM is a digital surface model (DSM), which includes features such as forests 

and buildings. This is accounted for in the uncertainty assessment (cf. section 8.6).  

b. Roughness length

Roughness length is a key parameter of the equation that governs wind shear. Changes in roughness 

length cause variations of wind shear, which propagate vertically as the air flows over the site. The 

impact at measurement or hub height therefore varies with distance to roughness changes but is also 

related to atmospheric conditions. 

Given that roughness length is closely related to land use, terrain roughness is typically modelled using a 

land-use database. However, no such suitable database with the required quality and resolution is 

available for the project sites considered in this study. Therefore, the roughness maps have been 
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created manually based on aerial photos and covering an area with a radius of 20km around each site. 

The roughness length values considered are presented in the caption of the following figures.  

Figure 16: Elevation map 15x15km (with mast in center) with 5m 

elevation difference between lines. Altitudes in map range from 

200m to 2290m (warmer colors indicate higher altitudes).  

Figure 17: Ground roughness map 20x20km (with mast in 

center). Background roughness length is 0.75m, 

corresponding to open field with distributed rows of trees and 

shrubs. Roughness length for specific areas: 0.2m for urban 

areas 

Wind flow model 

WAsP is used to extrapolate the wind regime to the mast location. It involves two steps: a vertical 

extrapolation of the wind regime and a horizontal extrapolation of the wind regime. 

a. Horizontal extrapolation of the wind regime

In this study, wind measurements are only available at a single location, which does not allow any 

validation of the horizontal extrapolation of the wind regime. 

b. Vertical extrapolation of the wind regime

By default, WAsP is configured for atmospheric conditions typical of North-Western Europe. Therefore, 

parameters sometimes need to be adapted. In particular, some parameters strongly affect the vertical 

extrapolation of the wind regime and can be validated and calibrated if necessary, by comparison of the 

measured and calculated wind shears.  

In this study, WAsP parameters are adapted so that the calculated wind shear agrees with the short-

term measured wind shear as presented below; 

 Parameter Default Value Adapted to 

Offset heat flux over land -40 -30
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The mean wind speeds measured at the various heights over the short-term period limited to 2 years 

(cf. Section 8.2) and the vertical wind speed profile calculated by WAsP from the measurements at 80 m 

AGL and from the adapted model parameters are given in the following graph. 

Figure 18: Mean wind speeds measured over the short-term period limited to 2 complete years and vertical wind 

speed profile calculated by WAsP using measurements at 80 m AGL 

The table below presents the wind shear; 

Measurement Device Shear Exponent (Between 60m – 80m) 

Purugchheda 0.128 

8.4 EXTREME WIND SPEED ANALYSIS AT MAST LOCATION 

Various methods are available to compute extreme wind speed from short-term site measurements, 

such as annual maxima, independent storms, r-largest extremes with the Generalized Extreme Value 

(GEV) distribution or peak-over-threshold (POT) extreme with Generalized Pareto Distribution (GPD). 

The accuracy of the results is largely dependent on the length of the data set collected on site (see e.g. 

[3]. A minimum of 10 years is usually required, although some methods may provide suitable results for 

time series as short as six years [4]. Working with shorter datasets implies large standard errors (as it is 

inversely proportional to the sample size). 

Considering the available measurement period of the available data, the Peak-Over-Threshold (POT) 

method with Generalized Pareto Distribution (GPD) was considered the best performing. Indeed, the 

other methods were not suitable for evaluating the extreme wind speed since they required longer time 

series than what is available for this project. Due to the fact that the short meteorological stations in the 

region did not have good enough quality (low data availability, no visibility on the campaign 

maintenance, etc., therefore low data reliability); they did not allow for further analysis based on 

different methodologies. 

The results based on the POT method are presented below: 

Measurement Device Extreme wind speed [m/s] 

Purungchheda 26.4 m/s 



41 

8.5 ENERGY PRODUCTION CALCULATION 

In agreement with the World Bank, the energy production is calculated for a single turbine at the mast 

location. A generic 2 MW turbine with a hub height of 80 m is selected for the purpose of this study.  

Gross energy production 

A gross energy production refers to the theoretical energy production that would be achieved if there 

was no operational loss. It is calculated by combining the wind regime at a wind turbine location and 

hub height to the power curve specific to the considered wind turbine type and corrected for local hub 

height air density. This is done using the software WindPRO.  

Since the energy content of the wind varies proportionally to air density, power curves are adapted 

accordingly before being used in calculations. The adaptation is done using the new recommended 

WindPRO method (adjusted IEC 61400-12 method, improved to match turbine control) [8]. 

For this project, air density at hub height is 1,004 kg/m³ on the wind turbine location and hub height. Air 

density is calculated by WindPRO based on the temperature and pressure measurements from the 

meteorological mast and extrapolated to the long-term using the ERA5 grid point at E82.50, N28.00. 

Air density calculation results on mast locations are provided in Annex N. 

Important Note: AEP calculation results are specific to the considered wind turbine power curve. 

Therefore, when procuring the wind turbines for the project, it should be verified that the power 

curve guaranteed by the manufacturer in the procurement contract corresponds to the one used in 

this study. Any change to the power curve may require the recalculation of the AEP. 

Energy production losses 

In addition to energy conversion losses taken into account in the power curve, other losses affect the 

electrical power expected to be delivered to the grid. The following losses are taken into account in this 

study and are summarised below.  

• Wake losses: Wake losses are due to the mutual influence of the wind turbines and are

calculated using the N.O. Jensen (EMD) : 2005 wake model implemented in WindPRO.

• Unavailability losses: Unavailability losses are due to downtime of the wind turbines or balance

of plant (maintenance or technical incidents) as well as downtime of the power grid.

• Performance losses: Turbine performance losses are typically due to high wind hysteresis, yaw

misalignment, wind flow inclination, turbulence, wind shear and other differences between

turbine power curve test conditions.

• Electrical losses: Electrical losses occur in cables and transformers ensuring electrical

transmission to the wind farm substation.

• Environmental losses: Environmental losses account for the performance degradation of the

wind turbines due to environmental conditions.
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The energy production losses defined in the preceding section are summarized below. 

Wake losses [%] 0.0 

Unavailability losses [%] 3.7 

Performance losses [%] 0.7 

Electrical losses [%] 1.5 

Environmental losses [%] 0.3 

Total losses [%] 6.0 

Net energy production 

The expected wind farm energy production figures for a single generic 2 MW wind turbine at the mast 

location are as follows: 

Gross energy production [MWh/y] 1,715 

Total energy production losses [%] 6.0 

Net energy production (AEP) [MWh/y] 1,612 

Net full load equivalent hours [h/y] 806 

Net capacity factor [%] 9.2 

8.6 UNCERTAINTY ANALYSIS 

Some uncertainty components are directly quantified in terms of energy production, whereas some 

other uncertainty components are first quantified in terms of wind speed, then translated into 

uncertainties in terms of energy production, by applying a sensitivity factor. The sensitivity factor relates 

energy production change to wind speed change. 

The global uncertainty is then calculated from the individual uncertainty components by assuming that 

they are independent and that the resulting uncertainty follows a normal distribution (central-limit 

theorem). They can therefore be combined by calculating the square root of the sum of the squares of 

each uncertainty. 

Some uncertainty components are directly quantified in terms of energy production, whereas some 

other uncertainty components are first quantified in terms of wind speed, then translated into 

uncertainties in terms of energy production, by applying a sensitivity factor. The sensitivity factor relates 

energy production change to wind speed change. For this specific project, the sensitivity factor is 

calculated to be 2.93. 

In this study, the following sources of uncertainty are considered. 

• Wind measurements (wind speed)

• Long-term extrapolation (wind speed)

• Vertical extrapolation (wind speed)

• Future wind variability (wind speed)

• Weibull Representativity (wind speed)

• Power curve (production)

• Energy production losses (production)
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The table below presents the breakdown of uncertainty analysis in terms of annual energy production. 

Wind measurements [% AEP] 14.2 

Long-term extrapolation [% AEP] 10.1 

Vertical extrapolation [% AEP] 0.0 

Future wind variability [20 years] [% AEP] 7.0 

Weibull Representativity [% AEP] 3.0 

Power curve [% AEP] 11.7 

Production losses [% AEP] 1.1 

Combined uncertainty [20 years] [% AEP] 22.4 

AEPs over 20-year period exceeded with various probabilities of 50% to 95% are as follows: 

1 year AEP (P50) [MWh/y] 1,612 

AEP (P75) [MWh/y] 1,343 

AEP (P90) [MWh/y] 1,057 

AEP (P95) [MWh/y] 885 

10 years AEP (P50) [MWh/y] 1,612 

AEP (P75) [MWh/y] 1,405 

AEP (P90) [MWh/y] 1,175 

AEP (P95) [MWh/y] 1,037 

15 years AEP (P50) [MWh/y] 1,612 

AEP (P75) [MWh/y] 1,409 

AEP (P90) [MWh/y] 1,182 

AEP (P95) [MWh/y] 1,046 

20 years AEP (P50) [MWh/y] 1,612 

AEP (P75) [MWh/y] 1,369 

AEP (P90) [MWh/y] 1,150 

AEP (P95) [MWh/y] 1,019 



44 

8.7 TURBULENCE ANALYSIS 

The measured turbulence at 80 m AGL compared to the IEC curves is depicted in the figures below. 

The effective turbulence intensity measured at Purungchheda at 80 m AGL is above the representative 

turbulence intensity of Class A wind turbines (IEC 61400-1, ed. 3.0) for the wind speed range of 10 m/s 

to 20.5 m/s. Different turbulence values were measured at high speeds and they caused the turbulence 

graph to have an unusual shape. This exceedance is due to the small number of data at that wind speed 

bin and low wind speed average. 

Figure 19: Turbulence at 80 m AGL compared to the IEC curves 
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9. SITE 5 – KHAJURA, BANKE

9.1 MEASUREMENT CAMPAIGN 

Purungchheda measurement campaign started on 28/10/2017. A site visit carried out by 3E for 

commissioning on 22/11/2017 and for preventative maintenance on 26/12/2017. 

Data have been collected and checked regularly until the report date. 

The following problems were encountered during the measurement campaign: 

• Sensor problem for wind vane @78.5m between 24/12/2017 – 26/12/2017

• Boom orientation problem for wind vane @78.5m between 28/10/2017 – 26/12/2017

The following changes were applied to the data during the post processing; 

• The following offset was applied on the wind vanes to account for the boom orientation:

o Vane @78.5m: 174° (Between 28/10/2017 – 26/12/2017)

9.2 WIND DATA PROCESSING 

Short-term wind regime 

The anemometer calibration parameters stated in the calibration reports are applied to the raw data. The 

data are then cleaned. 

To verify the validity of an anemometer's calibration throughout the measurement period, the IEC 

61400-12-1 [4] offers two methods: a post-calibration or an in-situ anemometer comparison. Since no 

post-calibration has been carried out, the in-situ calibration procedure as described in Annex D of the 

IEC standard has been carried out to check the anemometer integrity throughout the measurement 

period. The two anemometers mounted at 80m Ch1 and 80m Ch2 were considered for the test; the one 

connected to CH1 as the primary and the other one as the control anemometer. The in-situ test 

identified that side-mounted anemometer at 80m with a 30° boom direction for Khajura maintain the 

validity of their calibration throughout the full measurement period. For some wind speeds, it hasn't 

been calculated according to lack of bins. 

More details on the procedure and results of the in-situ test are provided in Annex D. 

In order to avoid the introduction of a seasonal bias in the next steps of the study, the short-term period 

is limited to complete years (2 years from 29/11/2017 to 28/11/2019 in this case ).This period selection 

is made taking account the data availability over the whole period and is based on a rolling period 

analysis. Data recovery rates of that period can be found in Annex C, wind regime roses in Annex E and 

Weibull parameters in Annex F. 

The mast shading effect is corrected by alternatively using the measurements of both anemometers at 

each height depending on the wind direction. 

Height Primary 

anemometer 

Secondary 

anemometer 

Wind directions where secondary 

anemometer is used 

80 m C1 C2 195° - 235° 
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Annex H presents the seasonal and diurnal variations observed over the short-term. 

Long-term wind regime 

The long-term extrapolation is performed in three steps: first, the most reliable reference datasets are 

identified, then the best combination of reference data and extrapolation method is selected. 

Eventually, the combination of dataset and method resulting in the lowest uncertainty (cf. section 9.6) is 

selected. 

3E selects reference dataset from the following sources: 

• MERRA-2 and ERA-5 reanalysis data from WindPRO (4 closest grid points),

• Meteorological station data from WindPRO,

The following criteria are used to select reference datasets from these sources: 

• Agreement: the reference dataset should agree with the measurements in terms of wind speed

variations over time. This agreement is quantified by the Pearson correlation coefficient “r”. 3E

considers a Pearson coefficient of 0.7 (all data or monthly averages) as a minimum prerequisite

for a reference dataset to be considered for long-term extrapolation.

• Time resolution: the time resolution of the reference dataset should be constant over time. In

case time resolution varies, 3E resamples data to a constant time resolution.

• Data availability: missing periods should be limited and evenly distributed over time. 3E

considers data availability above 80 % as a minimum prerequisite for a reference dataset to be

used for long-term extrapolation.

• Consistency: the reference dataset should not reveal any abrupt change or unrealistic trend. 3E

applies a SNHT test [2] order to identify discontinuities. If this happens, then the available

period is limited to ensure homogeneity. 3E then also applies a Mann-Kendall test [5][6] (90%

confidence interval) in order to identify possible trends. Again, the available period is limited to

ensure the absence of a trend.

3E considers 3 state-of-the-art long-term extrapolation methods: Linear regression MCP, Matrix MCP 

and Wind Index.  

3E only considers MCP methods if r (all data) exceeds a threshold of 0.7. For the Wind Index method, 3E 

considers that the same threshold applies, but this time using the monthly averaged r-value. 

For each selected reference dataset, 3E applies the applicable extrapolation method(s), depending on r 

(all data) and r (monthly averages). 

• For Khajura 80m Mast: the least uncertainty7 is obtained from ERA-5 at grid point 81.75°E 28.00°N

using the Wind Index method, which is therefore the selected combination of reference data and

extrapolation method. The agreement between the measurements and the reference dataset are

given in Annex I.

7 Uncertainty figure results from a calculation based on many parameters (cf. section 9.6) and is calculated for 

every potential combination of reliable reference data and long-term extrapolation method.in order to identify the 

combination with the lowest uncertainty, which should then be used in the study. 
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• The result of the Wind Index method is a long-term correction factor of 0.97 for the mast. This

correction factor has been applied to the short-term generalised wind climate (the lib file) in

WindPro in order to obtain a long-term representative generalized wind climate. The Weibull

parameters of this new time series are given in Annex K. Weibull parameters per sector at 80 m AGL

and charts of the long-term wind regime (mean wind speed, frequency and energy roses) are

provided in Annex J. The Weibull mean wind speed expected over the long-term is slightly lower than

the Weibull mean speed over the short-term (3.53 m/s compared to 3.55 m/s); the prevailing wind

direction is West-North-West and East-South-East.

Figure 20: Annual windiness relative to last concurrent year 

9.3 WIND FLOW MODELLING 

Terrain features influence the wind flow and thus play a significant role in the spatial extrapolation of 

the wind regime. The software package WindPRO and the WAsP wind flow model are used in the 

present study. WAsP requires a terrain model describing elevation, roughness and other relevant 

obstacles to the wind flow that are not modelled as roughness. The terrain model used in this study 

represents the current conditions, which are assumed to remain the same over the wind farm lifetime. 

Terrain model 

a. Elevation

The wind regime can be highly influenced by elevation differences across the site. For this study, terrain 

elevation is modelled within a radius of 15 km (in line with WAsP recommendations [7]) based on SRTM 

data. Height contour lines are then generated with an elevation difference of 5 m between two 

successive lines. It should be noted that SRTM is a digital surface model (DSM), which includes features 

such as forests and buildings. This is accounted for in the uncertainty assessment (cf. section 9.6).  

b. Roughness length

Roughness length is a key parameter of the equation that governs wind shear. Changes in roughness 

length cause variations of wind shear, which propagate vertically as the air flows over the site. The 

impact at measurement or hub height therefore varies with distance to roughness changes but is also 

related to atmospheric conditions. 
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Given that roughness length is closely related to land use, terrain roughness is typically modelled using a 

land-use database. However, no such suitable database with the required quality and resolution is 

available for the project sites considered in this study. Therefore, the roughness maps have been 

created manually based on aerial photos and covering an area with a radius of 20km around each site. 

The roughness length values considered are presented in the caption of the following figures.  

 
Figure 21: Elevation map 15x15km (with mast in center) with 

5m elevation difference between lines. Altitudes in map range 

from 110m to 980m (warmer colors indicate higher altitudes).  

 
Figure 22: Ground roughness map 20x20km (with mast in 

center). Background roughness length is 0.2m, corresponding to 

open field with distributed rows of shrubs and urban areas. 

Roughness length for specific areas is 0.75m areas covered with 

trees. 

 

Wind flow model 

WAsP is used to extrapolate the wind regime to the mast location. It involves two steps: a vertical 

extrapolation of the wind regime and a horizontal extrapolation of the wind regime. 

a. Horizontal extrapolation of the wind regime 

In this study, wind measurements are only available at a single location, which does not allow any 

validation of the horizontal extrapolation of the wind regime. 

b. Vertical extrapolation of the wind regime 

By default, WAsP is configured for atmospheric conditions typical of North-Western Europe. Therefore, 

parameters sometimes need to be adapted. In particular, some parameters strongly affect the vertical 

extrapolation of the wind regime and can be validated and calibrated if necessary, by comparison of the 

measured and calculated wind shears.  

The mean wind speeds measured at the various heights over the short-term period limited to 2 years 

(cf. Section 0) and the vertical wind speed profile calculated by WAsP from the measurements at 80 m 

AGL and from the adapted model parameters are given in the following graph. 
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Figure 23: Mean wind speeds measured over the short-term period limited to 2 complete years and vertical wind 

speed profile calculated by WAsP using measurements at 80 m AGL 

The table below presents the wind shear; 

Measurement Device Shear Exponent (Between 60m – 80m) 

Khajura 0.293 

9.4 EXTREME WIND SPEED ANALYSIS AT MAST LOCATION 

Various methods are available to compute extreme wind speed from short-term site measurements, 

such as annual maxima, independent storms, r-largest extremes with the Generalized Extreme Value 

(GEV) distribution or peak-over-threshold (POT) extreme with Generalized Pareto Distribution (GPD). 

The accuracy of the results is largely dependent on the length of the data set collected on site (see e.g. 

[3]. A minimum of 10 years is usually required, although some methods may provide suitable results for 

time series as short as six years [4]. Working with shorter datasets implies large standard errors (as it is 

inversely proportional to the sample size). 

Considering the available measurement period of the available data, the Peak-Over-Threshold (POT) 

method with Generalized Pareto Distribution (GPD) was considered the best performing. Indeed, the 

other methods were not suitable for evaluating the extreme wind speed since they required longer time 

series than what is available for this project. Due to the fact that the short meteorological stations in the 

region did not have good enough quality (low data availability, no visibility on the campaign 

maintenance, etc., therefore low data reliability); they did not allow for further analysis based on 

different methodologies. 

The results based on the POT method are presented below: 

Measurement Device Extreme wind speed [m/s] 

Khajura 30.7 m/s 
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9.5 ENERGY PRODUCTION CALCULATION 

In agreement with the World Bank, the energy production is calculated for a single turbine at the mast 

location. A generic 2 MW turbine with a hub height of 80 m is selected for the purpose of this study.  

Gross energy production 

A gross energy production refers to the theoretical energy production that would be achieved if there 

was no operational loss. It is calculated by combining the wind regime at a wind turbine location and 

hub height to the power curve specific to the considered wind turbine type and corrected for local hub 

height air density. This is done using the software WindPRO.  

Since the energy content of the wind varies proportionally to air density, power curves are adapted 

accordingly before being used in calculations. The adaptation is done using the new recommended 

WindPRO method (adjusted IEC 61400-12 method, improved to match turbine control) [8]. 

For this project, air density at hub height is 1,142 kg/m³ on the wind turbine location and hub height. Air 

density is calculated by WindPRO based on the temperature and pressure measurements from the 

meteorological mast and extrapolated to the long-term using the ERA5 grid point at E81.75, N28.00. 

Air density calculation results on mast locations are provided in Annex N. 

Important Note: AEP calculation results are specific to the considered wind turbine power curve. 

Therefore, when procuring the wind turbines for the project, it should be verified that the power 

curve guaranteed by the manufacturer in the procurement contract corresponds to the one used in 

this study. Any change to the power curve may require the recalculation of the AEP. 

Energy production losses 

In addition to energy conversion losses taken into account in the power curve, other losses affect the 

electrical power expected to be delivered to the grid. The following losses are taken into account in this 

study and are summarised below.  

• Wake losses: Wake losses are due to the mutual influence of the wind turbines and are

calculated using the N.O. Jensen (EMD) : 2005 wake model implemented in WindPRO.

• Unavailability losses: Unavailability losses are due to downtime of the wind turbines or balance

of plant (maintenance or technical incidents) as well as downtime of the power grid.

• Performance losses: Turbine performance losses are typically due to high wind hysteresis, yaw

misalignment, wind flow inclination, turbulence, wind shear and other differences between

turbine power curve test conditions.

• Electrical losses: Electrical losses occur in cables and transformers ensuring electrical

transmission to the wind farm substation.

• Environmental losses: Environmental losses account for the performance degradation of the

wind turbines due to environmental conditions.
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The energy production losses defined in the preceding section are summarized below. 

Wake losses [%] 0.0 

Unavailability losses [%] 3.7 

Performance losses [%] 0.5 

Electrical losses [%] 1.5 

Environmental losses [%] 0.3 

Total losses [%] 5.8 

 

Net energy production 

The expected wind farm energy production figures for a single generic 2 MW wind turbine at the mast 

location are as follows: 

Gross energy production [MWh/y] 1,527 

Total energy production losses [%] 5.8 

Net energy production (AEP) [MWh/y] 1,439 

Net full load equivalent hours [h/y] 719 

Net capacity factor [%] 8.2 

 

9.6 UNCERTAINTY ANALYSIS 

Some uncertainty components are directly quantified in terms of energy production, whereas some 

other uncertainty components are first quantified in terms of wind speed, then translated into 

uncertainties in terms of energy production, by applying a sensitivity factor. The sensitivity factor relates 

energy production change to wind speed change. 

The global uncertainty is then calculated from the individual uncertainty components by assuming that 

they are independent and that the resulting uncertainty follows a normal distribution (central-limit 

theorem). They can therefore be combined by calculating the square root of the sum of the squares of 

each uncertainty. 

Some uncertainty components are directly quantified in terms of energy production, whereas some 

other uncertainty components are first quantified in terms of wind speed, then translated into 

uncertainties in terms of energy production, by applying a sensitivity factor. The sensitivity factor relates 

energy production change to wind speed change. For this specific project, the sensitivity factor is 

calculated to be 3.02. 

In this study, the following sources of uncertainty are considered. 

• Wind measurements (wind speed) 

• Long-term extrapolation (wind speed) 

• Vertical extrapolation (wind speed) 

• Future wind variability (wind speed) 

• Weibull Representativity (wind speed) 

• Power curve (production) 

• Energy production losses (production) 
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The table below presents the breakdown of uncertainty analysis in terms of annual energy production. 

Wind measurements [% AEP] 5.0 

Long-term extrapolation [% AEP] 11.0 

Vertical extrapolation [% AEP] 0.0 

Future wind variability [20 years] [% AEP] 7.1 

Weibull Representativity [% AEP] 0.0 

Power curve [% AEP] 10.5 

Production losses [% AEP] 1.1 

Combined uncertainty [20 years] [% AEP] 17.5 

AEPs over 20-year period exceeded with various probabilities of 50% to 95% are as follows: 

1 year AEP (P50) [MWh/y] 1,439 

AEP (P75) [MWh/y] 1,232 

AEP (P90) [MWh/y] 1,007 

AEP (P95) [MWh/y] 871 

10 years AEP (P50) [MWh/y] 1,439 

AEP (P75) [MWh/y] 1,301 

AEP (P90) [MWh/y] 1,137 

AEP (P95) [MWh/y] 1,039 

15 years AEP (P50) [MWh/y] 1,439 

AEP (P75) [MWh/y] 1,306 

AEP (P90) [MWh/y] 1,146 

AEP (P95) [MWh/y] 1,050 

20 years AEP (P50) [MWh/y] 1,439 

AEP (P75) [MWh/y] 1,269 

AEP (P90) [MWh/y] 1,115 

AEP (P95) [MWh/y] 1,024 
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9.7 TURBULENCE ANALYSIS 

The measured turbulence at 80 m AGL compared to the IEC curves is depicted in the figures below. 

The effective turbulence intensity measured at Khajura at 80 m AGL is above the representative 

turbulence intensity of Class A wind turbines (IEC 61400-1, ed. 3.0) for the wind speed range of 10.5 m/s 

to 21.5 m/s. Different turbulence values were measured at high speeds and they caused the turbulence 

graph to have an unusual shape. This exceedance is due to the small number of data at that wind speed 

bin and low wind speed average. 

Figure 24: Turbulence at 80 m AGL compared to the IEC curves 
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10. SITE 6 – KAGBENI, MUSTANG

10.1 MEASUREMENT CAMPAIGN 

Kagbeni measurement campaign started on 06/04/2019. A site visit carried out by 3E for commissioning 

on 06/04/2019. 

Data have been collected and checked regularly until end of June 2020.  

The following problems were encountered during the measurement campaign: 

• Temperature sensor problem @76m since 02/05/2019

• Anemometer @60m and anemometer @20m problem since 17/01/2020

• Anemometer @80m, anemometer @40m, wind vane @78.5m and wind vane @58.5m problem

since 08/03/2020

10.2 WIND DATA PROCESSING 

Short-term wind regime 

The anemometer calibration parameters stated in the calibration reports are applied to the raw data. The 

data are then cleaned. 

To verify the validity of an anemometer's calibration throughout the measurement period, the IEC 

61400-12-1 [4] offers two methods: a post-calibration or an in-situ anemometer comparison. No post-

calibration has been carried out. Also in-situ test could not completed due to a single anemometer 

installed at the highest level. 

After data processing, due to problems encountered with the measurement campaign, the available 

short-term period had to be limited to 11.1 months (06/04/2019 to 07/03/2020). Due to many problems 

occurred on site, a complete year of efficient data couldn’t be collected. Data recovery rates of that 

period can be found in Annex C, wind regime roses in Annex E and Weibull parameters in Annex F. 

In this study, no mast shading effect couldn’t be observed due to a single anemometer installed at the 

highest level of the mast; hence First Class anemometer has been used for the calculations. 

Height Primary 

anemometer 

Secondary 

anemometer 

Wind directions where secondary 

anemometer is used 

80 m C1 - - 

Annex H presents the seasonal and diurnal variations observed over the short-term. 

Long-term wind regime 

The long-term extrapolation is performed in three steps: first, the most reliable reference datasets are 

identified, then the best combination of reference data and extrapolation method is selected. 

Eventually, the combination of dataset and method resulting in the lowest uncertainty (cf. section 10.8) 

is selected. 

3E selects reference dataset from the following sources: 
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• MERRA-2 and ERA-5 reanalysis data from WindPRO (4 closest grid points),

• Meteorological station data from WindPRO,

The following criteria are used to select reference datasets from these sources: 

• Agreement: the reference dataset should agree with the measurements in terms of wind speed

variations over time. This agreement is quantified by the Pearson correlation coefficient “r”. 3E

considers a Pearson coefficient of 0.7 (all data or monthly averages) as a minimum prerequisite

for a reference dataset to be considered for long-term extrapolation.

• Time resolution: the time resolution of the reference dataset should be constant over time. In

case time resolution varies, 3E resamples data to a constant time resolution.

• Data availability: missing periods should be limited and evenly distributed over time. 3E

considers data availability above 80 % as a minimum prerequisite for a reference dataset to be

used for long-term extrapolation.

• Consistency: the reference dataset should not reveal any abrupt change or unrealistic trend. 3E

applies a SNHT test [2] order to identify discontinuities. If this happens, then the available

period is limited to ensure homogeneity. 3E then also applies a Mann-Kendall test [5][6] (90%

confidence interval) in order to identify possible trends. Again, the available period is limited to

ensure the absence of a trend.

3E considers 3 state-of-the-art long-term extrapolation methods: Linear regression MCP, Matrix MCP 

and Wind Index.  

3E only considers MCP methods if r (all data) exceeds a threshold of 0.7. For the Wind Index method, 3E 

considers that the same threshold applies, but this time using the monthly averaged r-value. 

For each selected reference dataset, 3E applies the applicable extrapolation method(s), depending on r 

(all data) and r (monthly averages). 

• For Kagbeni 80m Mast: None of the short-term and long-term dataset combinations revealed a high

enough correlation coefficient (>0.7) for any of the 3 long-term extrapolation methods. Therefore, no

long-term extrapolation has been applied to the measured data. The agreement between the

measurements and the reference dataset are given in Annex I.

10.3 WIND FLOW MODELLING 

Terrain features influence the wind flow and thus play a significant role in the spatial extrapolation of 

the wind regime. The software package WindPRO and the WAsP wind flow model are used in the 

present study. WAsP requires a terrain model describing elevation, roughness and other relevant 

obstacles to the wind flow that are not modelled as roughness. The terrain model used in this study 

represents the current conditions, which are assumed to remain the same over the wind farm lifetime. 

Terrain model 

a. Elevation

The wind regime can be highly influenced by elevation differences across the site. For this study, terrain 

elevation is modelled within a radius of 15 km (in line with WAsP recommendations [7]) based on SRTM 

data. Height contour lines are then generated with an elevation difference of 5 m between two 
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successive lines. It should be noted that SRTM is a digital surface model (DSM), which includes features 

such as forests and buildings. This is accounted for in the uncertainty assessment (cf. section 9.6).  

b. Roughness length

Roughness length is a key parameter of the equation that governs wind shear. Changes in roughness 

length cause variations of wind shear, which propagate vertically as the air flows over the site. The 

impact at measurement or hub height therefore varies with distance to roughness changes but is also 

related to atmospheric conditions. 

Given that roughness length is closely related to land use, terrain roughness is typically modelled using a 

land-use database. However, no such suitable database with the required quality and resolution is 

available for the project sites considered in this study. Therefore, the roughness maps have been 

created manually based on aerial photos and covering an area with a radius of 20km around each site. 

The roughness length values considered are presented in the caption of the following figures.  

Figure 25: Elevation map 25x25km (with mast in center) with 

5m elevation difference between lines. Altitudes in map range 

from 1610m to 7410m (warmer colors indicate higher 

altitudes).  

Figure 26: Ground roughness map 30x30km (with mast in 

center). Background roughness length is 0.06m, corresponding 

to open field with distributed rows of shrubs. Roughness length 

for specific areas: 0.004m for rivers and coastal lagoons. 

Wind flow model 

WAsP is used to extrapolate the wind regime to the mast location. It involves two steps: a vertical 

extrapolation of the wind regime and a horizontal extrapolation of the wind regime. 

a. Horizontal extrapolation of the wind regime

In this study, wind measurements are only available at a single location, which does not allow any 

validation of the horizontal extrapolation of the wind regime. 

b. Vertical extrapolation of the wind regime

By default, WAsP is configured for atmospheric conditions typical of North-Western Europe. Therefore, 

parameters sometimes need to be adapted. In particular, some parameters strongly affect the vertical 
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extrapolation of the wind regime and can be validated and calibrated if necessary, by comparison of the 

measured and calculated wind shears.  

The mean wind speeds measured at the various heights over the short-term period limited to 1 year (cf. 

Section 11.2) and the vertical wind speed profile calculated by WAsP from the measurements at 80 m 

AGL and from the adapted model parameters are given in the following graph. It has been observed that 

due to complexity of the site, WAsP calculations are not useful for Dangibada. In this study, due to the 

fact that turbine location is as the mast location and hub-height is the same as the mast height, there is 

no effect of the vertical profile on the production values for used turbine type. However, CFD study is 

required for a different hub-height or different turbine location. 

Figure 27: Mean wind speeds measured over the short-term period limited to 11.1 months and vertical wind speed 

profile calculated by WAsP using measurements at 80 m AGL 

The table below presents the wind shear; 

Measurement Device Shear Exponent (Between 60m – 

80m) 

Kagbeni 0.001 
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10.4 WIND RESOURCE MAPPING 

Based on the measurement data from the mast, a wind resource map was generated for Kagbeni site at 

80 meters above ground level (AGL) and with a resolution of 50 meters. The figure in the subsequent 

section presents the wind energy content for the site.  

Figure 28 shows wind energy map for site. 

Figure 28: Kagbeni specific wind energy resource map [W/m²] 
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10.5 POTENTIAL LAYOUT 

A potential wind farm layout with capacities of 18 MW and 14.4MW has been studied for Kagbeni 

considering 9, 2MW generic turbines at 80m hub height and 18, 0.8KW Enercon E-48 at 60m hub height. 

It should be noted that these layouts are indicative and for educational purposes and to give an 

overview of the energy potential of the site.  

Figure 19 illustrates the best practice with a wind turbine spacing of at least five rotor diameters along 

the prevailing wind directions and three rotor diameters across. 

VESTAS V100 – 80M HUB-HEIGHT 
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ENERCON E-48 – 60M HUB-HEIGHT 

10.6 EXTREME WIND SPEED ANALYSIS AT MAST LOCATION 

Various methods are available to compute extreme wind speed from short-term site measurements, 

such as annual maxima, independent storms, r-largest extremes with the Generalized Extreme Value 

(GEV) distribution or peak-over-threshold (POT) extreme with Generalized Pareto Distribution (GPD). 

The accuracy of the results is largely dependent on the length of the data set collected on site (see e.g. 

[3]. A minimum of 10 years is usually required, although some methods may provide suitable results for 

time series as short as six years [4]. Working with shorter datasets implies large standard errors (as it is 

inversely proportional to the sample size). 

Considering the available measurement period of the available data, the Peak-Over-Threshold (POT) 

method with Generalized Pareto Distribution (GPD) was considered the best performing. Indeed, the 

other methods were not suitable for evaluating the extreme wind speed since they required longer time 

series than what is available for this project. Due to the fact that the short meteorological stations in the 

region did not have good enough quality (low data availability, no visibility on the campaign 

maintenance, etc., therefore low data reliability); they did not allow for further analysis based on 

different methodologies. 

The results based on the POT method are presented below: 

Measurement Device Extreme wind speed [m/s] 

Kagbeni 28.8 m/s 
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10.7 ENERGY PRODUCTION CALCULATION 

In agreement with the World Bank, the energy production is calculated for two turbine types for 

Mustang projects with a potential layout. A generic 2 MW turbine with a hub height of 80 m (Vestas 

V100) and Enercon E48 with a hub height of 60m are selected for the purpose of this study.  

Gross energy production 

A gross energy production refers to the theoretical energy production that would be achieved if there 

was no operational loss. It is calculated by combining the wind regime at a wind turbine location and 

hub height to the power curve specific to the considered wind turbine type and corrected for local hub 

height air density. This is done using the software WindPRO.  

Since the energy content of the wind varies proportionally to air density, power curves are adapted 

accordingly before being used in calculations. The adaptation is done using the new recommended 

WindPRO method (adjusted IEC 61400-12 method, improved to match turbine control) [8]. 

For this project, air density at hub heights are between 0.845 kg/m³ and 0.858 for Vestas V100 and 

between 0.847 and 0.860 for Enercon E48 at turbine locations. Air density is calculated by WindPRO 

based on the temperature and pressure measurements from the meteorological mast and extrapolated 

to the long-term using the ERA5 grid point at E82.00, N29.25. 

Air density calculation results on mast locations are provided in Annex N. 

Important Note: AEP calculation results are specific to the considered wind turbine power curve. 

Therefore, when procuring the wind turbines for the project, it should be verified that the power 

curve guaranteed by the manufacturer in the procurement contract corresponds to the one used in 

this study. Any change to the power curve may require the recalculation of the AEP. 

Energy production losses 

In addition to energy conversion losses taken into account in the power curve, other losses affect the 

electrical power expected to be delivered to the grid. The following losses are taken into account in this 

study and are summarised below.  

• Wake losses: Wake losses are due to the mutual influence of the wind turbines and are 

calculated using the N.O. Jensen (EMD) : 2005 wake model implemented in WindPRO. 

• Unavailability losses: Unavailability losses are due to downtime of the wind turbines or balance 

of plant (maintenance or technical incidents) as well as downtime of the power grid. 

• Performance losses: Turbine performance losses are typically due to high wind hysteresis, yaw 

misalignment, wind flow inclination, turbulence, wind shear and other differences between 

turbine power curve test conditions. 

• Electrical losses: Electrical losses occur in cables and transformers ensuring electrical 

transmission to the wind farm substation. 

• Environmental losses: Environmental losses account for the performance degradation of the 

wind turbines due to environmental conditions. 

VESTAS V100 – 80M HUB-HEIGHT 

The energy production losses defined in the preceding section are summarized below. 
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Wake losses [%] 4.4 

Unavailability losses [%] 3.7 

Performance losses [%] 1.5 

Electrical losses [%] 2.0 

Environmental losses [%] 0.3 

Total losses [%] 11.4 

 

Net energy production 

The expected wind farm energy production figures for a potential layout with Vestas V100 are as 

follows: 

Gross energy production [MWh/y] 45,879 

Total energy production losses [%] 11.4 

Net energy production (AEP) [MWh/y] 40,664 

Net full load equivalent hours [h/y] 2,259 

Net capacity factor [%] 25.8 

 

ENERCON E-48 – 60M HUB-HEIGHT 

The energy production losses defined in the preceding section are summarized below. 

Wake losses [%] 4.9 

Unavailability losses [%] 3.7 

Performance losses [%] 1.3 

Electrical losses [%] 2.0 

Environmental losses [%] 0.3 

Total losses [%] 11.8 

 

Net energy production 

The expected wind farm energy production figures for a potential layout with Enercon E48 are as follows 

: 

Gross energy production [MWh/y] 27,066 

Total energy production losses [%] 11.8 

Net energy production (AEP) [MWh/y] 23,914 

Net full load equivalent hours [h/y] 1,661 

Net capacity factor [%] 18.9 

 

10.8 UNCERTAINTY ANALYSIS 

Some uncertainty components are directly quantified in terms of energy production, whereas some 

other uncertainty components are first quantified in terms of wind speed, then translated into 

uncertainties in terms of energy production, by applying a sensitivity factor. The sensitivity factor relates 

energy production change to wind speed change. 

The global uncertainty is then calculated from the individual uncertainty components by assuming that 

they are independent and that the resulting uncertainty follows a normal distribution (central-limit 

theorem). They can therefore be combined by calculating the square root of the sum of the squares of 

each uncertainty. 
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Some uncertainty components are directly quantified in terms of energy production, whereas some 

other uncertainty components are first quantified in terms of wind speed, then translated into 

uncertainties in terms of energy production, by applying a sensitivity factor. The sensitivity factor relates 

energy production change to wind speed change. For this specific project, the sensitivity factor is 

calculated to be 1.3 for Vestas V100 and 1.6 for Enercon E48. 

In this study, the following sources of uncertainty are considered. 

• Wind measurements (wind speed)

• Long-term extrapolation (wind speed)

• Vertical extrapolation (wind speed)

• Future wind variability (wind speed)

• Weibull Representativity (wind speed)

• Power curve (production)

• Energy production losses (production)

VESTAS V100 – 80M HUB-HEIGHT 

The table below presents the breakdown of uncertainty analysis in terms of annual energy production. 

Wind measurements [% AEP] 6.7 

Long-term extrapolation [% AEP] 0.0 

Vertical extrapolation [% AEP] 0.0 

Future wind variability [20 years] [% AEP] 8.2 

Weibull representativity [% AEP] 13.3 

Power curve [% AEP] 4.9 

Production losses [% AEP] 2.1 

Combined uncertainty [20 years] [% AEP] 18.2 

AEPs over 20-year period exceeded with various probabilities of 50% to 95% are as follows: 

1 year AEP (P50) [MWh/y] 40,664 

AEP (P75) [MWh/y] 35,201 

AEP (P90) [MWh/y] 30,284 

AEP (P95) [MWh/y] 27,342 

10 years AEP (P50) [MWh/y] 40,664 

AEP (P75) [MWh/y] 35,624 

AEP (P90) [MWh/y] 31,088 

AEP (P95) [MWh/y] 28,373 

15 years AEP (P50) [MWh/y] 40,664 

AEP (P75) [MWh/y] 35,648 

AEP (P90) [MWh/y] 31,134 

AEP (P95) [MWh/y] 28,433 

20 years AEP (P50) [MWh/y] 40,664 

AEP (P75) [MWh/y] 35,660 
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AEP (P90) [MWh/y] 31,156 

AEP (P95) [MWh/y] 28,460 

ENERCON E-48 – 60M HUB-HEIGHT 

The table below presents the breakdown of uncertainty analysis in terms of annual energy production. 

Wind measurements [% AEP] 8.1 

Long-term extrapolation [% AEP] 0.0 

Vertical extrapolation [% AEP] 0.0 

Future wind variability [20 years] [% AEP] 9.9 

Weibull representativity [% AEP] 16.1 

Power curve [% AEP] 4.9 

Production losses [% AEP] 2.3 

Combined uncertainty [20 years] [% AEP] 21.9 

AEPs over 20-year period exceeded with various probabilities of 50% to 95% are as follows: 

1 year AEP (P50) [MWh/y] 23,878 

AEP (P75) [MWh/y] 20,021 

AEP (P90) [MWh/y] 16,550 

AEP (P95) [MWh/y] 14,472 

10 years AEP (P50) [MWh/y] 23,878 

AEP (P75) [MWh/y] 20,325 

AEP (P90) [MWh/y] 17,127 

AEP (P95) [MWh/y] 15,213 

15 years AEP (P50) [MWh/y] 23,878 

AEP (P75) [MWh/y] 20,342 

AEP (P90) [MWh/y] 17,160 

AEP (P95) [MWh/y] 15,256 

20 years AEP (P50) [MWh/y] 23,878 

AEP (P75) [MWh/y] 20,351 

AEP (P90) [MWh/y] 17,176 

AEP (P95) [MWh/y] 15,276 

10.9 TURBULENCE ANALYSIS 

The measured turbulence at 80 m AGL compared to the IEC curves is depicted in the figures below. 

The effective turbulence intensity measured at Dangibada at 80 m AGL is above the representative 

turbulence intensity of Class C wind turbines (IEC 61400-1, ed. 3.0) for the wind speed range of 5.5 m/s 

to 12.5 m/s. Different turbulence values were measured at high speeds and they caused the turbulence 

graph to have an unusual shape. This exceedance is due to the small number of data at that wind speed 

bin and low wind speed average. 
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Figure 29: Turbulence at 80 m AGL compared to the IEC curves 
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11. SITE 7 – DANGIBADA, JUMLA 

11.1 MEASUREMENT CAMPAIGN 

Dangibada measurement campaign started on 25/05/2018. A site visit carried out by 3E for 

commissioning on 31/03/2019. 

Data have been collected and checked regularly until a connection problem was encountered on 

03/08/2019. As of the connection problem, no data have been received online. A site visit carried out on 

08/03/2020 to take the collected data manually.   

The following problems were encountered during the measurement campaign: 

• Inconsistent data for wind vane @58.5m between 25/05/2018 – 19/05/2019 

• Scale and offset problem for Vector anemometer @80m between 25/05/2018 – 30/03/2019 

• Connection problem due to low signal since 03/08/2019 

The following changes were applied to the data during the post processing; 

• Inconsistent values marked as disabled for wind vane @58.5m (Between 25/05/2018 – 

19/05/2019) 

• The following scale and offset were applied on the Vector anemometer: 

o Vector anemometer @80m (Between 25/05/2018 – 30/03/2019): 

 Scale: 0.09716 

 Offset: 0.1621 

11.2 WIND DATA PROCESSING 

Short-term wind regime 

The anemometer calibration parameters stated in the calibration reports are applied to the raw data. The 

data are then cleaned. 

To verify the validity of an anemometer's calibration throughout the measurement period, the IEC 

61400-12-1 [4] offers two methods: a post-calibration or an in-situ anemometer comparison. Since no 

post-calibration has been carried out, the in-situ calibration procedure as described in Annex D of the 

IEC standard has been carried out to check the anemometer integrity throughout the measurement 

period. The two anemometers mounted at 80m Ch1 and 80m Ch2 were considered for the test; the one 

connected to CH1 as the primary and the other one as the control anemometer. The in-situ test 

identified that side-mounted anemometer at 80m with a 0° boom direction for Dangibada maintain the 

validity of their calibration throughout the full measurement period. For some wind speeds, it hasn't 

been calculated according to lack of bins. 

More details on the procedure and results of the in-situ test are provided in Annex D. 

In order to avoid the introduction of a seasonal bias in the next steps of the study, the short-term period 

is limited to complete years (2 years from 25/08/2018 to 24/08/2019 in this case ).This period selection 

is made taking account the data availability over the whole period and is based on a rolling period 

analysis. Data recovery rates of that period can be found in Annex C, wind regime roses in Annex E and 

Weibull parameters in Annex F. 
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In this study, no mast shading effect observed; hence First Class anemometer has been used for the 

calculations. 

Height Primary 

anemometer 

Secondary 

anemometer 

Wind directions where secondary 

anemometer is used 

80 m C1 - - 

Annex H presents the seasonal and diurnal variations observed over the short-term 

Long-term wind regime 

The long-term extrapolation is performed in three steps: first, the most reliable reference datasets are 

identified, then the best combination of reference data and extrapolation method is selected. 

Eventually, the combination of dataset and method resulting in the lowest uncertainty (cf. section 11.6) 

is selected. 

3E selects reference dataset from the following sources: 

• MERRA-2 and ERA-5 reanalysis data from WindPRO (4 closest grid points),

• Meteorological station data from WindPRO,

The following criteria are used to select reference datasets from these sources: 

• Agreement: the reference dataset should agree with the measurements in terms of wind speed

variations over time. This agreement is quantified by the Pearson correlation coefficient “r”. 3E

considers a Pearson coefficient of 0.7 (all data or monthly averages) as a minimum prerequisite

for a reference dataset to be considered for long-term extrapolation.

• Time resolution: the time resolution of the reference dataset should be constant over time. In

case time resolution varies, 3E resamples data to a constant time resolution.

• Data availability: missing periods should be limited and evenly distributed over time. 3E

considers data availability above 80 % as a minimum prerequisite for a reference dataset to be

used for long-term extrapolation.

• Consistency: the reference dataset should not reveal any abrupt change or unrealistic trend. 3E

applies a SNHT test [2] order to identify discontinuities. If this happens, then the available

period is limited to ensure homogeneity. 3E then also applies a Mann-Kendall test [5][6] (90%

confidence interval) in order to identify possible trends. Again, the available period is limited to

ensure the absence of a trend.

3E considers 3 state-of-the-art long-term extrapolation methods: Linear regression MCP, Matrix MCP 

and Wind Index.  

3E only considers MCP methods if r (all data) exceeds a threshold of 0.7. For the Wind Index method, 3E 

considers that the same threshold applies, but this time using the monthly averaged r-value. 

For each selected reference dataset, 3E applies the applicable extrapolation method(s), depending on r 

(all data) and r (monthly averages). 
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• For Dangibada 80m Mast: None of the short-term and long-term dataset combinations revealed a

high enough correlation coefficient (>0.7) for any of the 3 long-term extrapolation methods.

Therefore, no long-term extrapolation has been applied to the measured data. The agreement

between the measurements and the reference dataset are given in Annex I.

11.3 WIND FLOW MODELLING 

Terrain features influence the wind flow and thus play a significant role in the spatial extrapolation of 

the wind regime. The software package WindPRO and the WAsP wind flow model are used in the 

present study. WAsP requires a terrain model describing elevation, roughness and other relevant 

obstacles to the wind flow that are not modelled as roughness. The terrain model used in this study 

represents the current conditions, which are assumed to remain the same over the wind farm lifetime. 

Terrain model 

a. Elevation

The wind regime can be highly influenced by elevation differences across the site. For this study, terrain 

elevation is modelled within a radius of 15 km (in line with WAsP recommendations [7]) based on SRTM 

data. Height contour lines are then generated with an elevation difference of 5 m between two 

successive lines. It should be noted that SRTM is a digital surface model (DSM), which includes features 

such as forests and buildings. This is accounted for in the uncertainty assessment (cf. section 9.6).  

b. Roughness length

Roughness length is a key parameter of the equation that governs wind shear. Changes in roughness 

length cause variations of wind shear, which propagate vertically as the air flows over the site. The 

impact at measurement or hub height therefore varies with distance to roughness changes but is also 

related to atmospheric conditions. 

Given that roughness length is closely related to land use, terrain roughness is typically modelled using a 

land-use database. However, no such suitable database with the required quality and resolution is 

available for the project sites considered in this study. Therefore, the roughness maps have been 

created manually based on aerial photos and covering an area with a radius of 20km around each site. 

The roughness length values considered are presented in the caption of the following figures.  

Figure 30: Elevation map 15x15km (with mast in center) with 

5m elevation difference between lines. Altitudes in map range 

from 1195m to 4770m (warmer colors indicate higher 

altitudes).  

Figure 31: Ground roughness map 20x20km (with mast in center). 

Background roughness length is 0.06m, corresponding to open 

field with distributed rows of shrubs. Roughness length for 

specific areas: 0m for rivers and 0.5m for areas completely 

covered with trees. 
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Wind flow model 

WAsP is used to extrapolate the wind regime to the mast location. It involves two steps: a vertical 

extrapolation of the wind regime and a horizontal extrapolation of the wind regime. 

a. Horizontal extrapolation of the wind regime 

In this study, wind measurements are only available at a single location, which does not allow any 

validation of the horizontal extrapolation of the wind regime. 

b. Vertical extrapolation of the wind regime 

By default, WAsP is configured for atmospheric conditions typical of North-Western Europe. Therefore, 

parameters sometimes need to be adapted. In particular, some parameters strongly affect the vertical 

extrapolation of the wind regime and can be validated and calibrated if necessary, by comparison of the 

measured and calculated wind shears.  

The mean wind speeds measured at the various heights over the short-term period limited to 1 year (cf. 

Section 11.2) and the vertical wind speed profile calculated by WAsP from the measurements at 80 m 

AGL and from the adapted model parameters are given in the following graph. It has been observed that 

due to complexity of the site, WAsP calculations are not useful for Dangibada. In this study, due to the 

fact that turbine location is as the mast location and hub-height is the same as the mast height, there is 

no effect of the vertical profile on the production values for used turbine type. However, CFD study is 

required for a different hub-height or different turbine location. 

  

Figure 32: Mean wind speeds measured over the short-term period limited to 1 complete year and vertical wind 

speed profile calculated by WAsP using measurements at 80 m AGL 

 

 

The table below presents the wind shear; 
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11.4 EXTREME WIND SPEED ANALYSIS AT MAST LOCATION 

Various methods are available to compute extreme wind speed from short-term site measurements, 

such as annual maxima, independent storms, r-largest extremes with the Generalized Extreme Value 

(GEV) distribution or peak-over-threshold (POT) extreme with Generalized Pareto Distribution (GPD). 

The accuracy of the results is largely dependent on the length of the data set collected on site (see e.g. 

[3]. A minimum of 10 years is usually required, although some methods may provide suitable results for 

time series as short as six years [4]. Working with shorter datasets implies large standard errors (as it is 

inversely proportional to the sample size). 

Considering the available measurement period of the available data, the Peak-Over-Threshold (POT) 

method with Generalized Pareto Distribution (GPD) was considered the best performing. Indeed, the 

other methods were not suitable for evaluating the extreme wind speed since they required longer time 

series than what is available for this project. Due to the fact that the short meteorological stations in the 

region did not have good enough quality (low data availability, no visibility on the campaign 

maintenance, etc., therefore low data reliability); they did not allow for further analysis based on 

different methodologies. 

The results based on the POT method are presented below: 

Measurement Device Extreme wind speed [m/s] 

Dangibada 18.5 m/s 

11.5 ENERGY PRODUCTION CALCULATION 

In agreement with the World Bank, the energy production is calculated for a single turbine at the mast 

location. A generic 2 MW turbine with a hub height of 80 m is selected for the purpose of this study.  

Gross energy production 

A gross energy production refers to the theoretical energy production that would be achieved if there 

was no operational loss. It is calculated by combining the wind regime at a wind turbine location and 

hub height to the power curve specific to the considered wind turbine type and corrected for local hub 

height air density. This is done using the software WindPRO.  

Since the energy content of the wind varies proportionally to air density, power curves are adapted 

accordingly before being used in calculations. The adaptation is done using the new recommended 

WindPRO method (adjusted IEC 61400-12 method, improved to match turbine control) [8]. 

For this project, air density at hub height is 0.928 /m³ on the wind turbine location and hub height. Air 

density is calculated by WindPRO based on the temperature and pressure measurements from the 

meteorological mast and extrapolated to the long-term using the ERA5 grid point at E82.00, N29.25. 

Air density calculation results on mast locations are provided in Annex N. 

Important Note: AEP calculation results are specific to the considered wind turbine power curve. 

Therefore, when procuring the wind turbines for the project, it should be verified that the power 

curve guaranteed by the manufacturer in the procurement contract corresponds to the one used in 

this study. Any change to the power curve may require the recalculation of the AEP. 
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Energy production losses 

In addition to energy conversion losses taken into account in the power curve, other losses affect the 

electrical power expected to be delivered to the grid. The following losses are taken into account in this 

study and are summarised below.  

• Wake losses: Wake losses are due to the mutual influence of the wind turbines and are

calculated using the N.O. Jensen (EMD) : 2005 wake model implemented in WindPRO.

• Unavailability losses: Unavailability losses are due to downtime of the wind turbines or balance

of plant (maintenance or technical incidents) as well as downtime of the power grid.

• Performance losses: Turbine performance losses are typically due to high wind hysteresis, yaw

misalignment, wind flow inclination, turbulence, wind shear and other differences between

turbine power curve test conditions.

• Electrical losses: Electrical losses occur in cables and transformers ensuring electrical

transmission to the wind farm substation.

• Environmental losses: Environmental losses account for the performance degradation of the

wind turbines due to environmental conditions.

The energy production losses defined in the preceding section are summarized below. 

Wake losses [%] 0.0 

Unavailability losses [%] 3.7 

Performance losses [%] 0.5 

Electrical losses [%] 1.5 

Environmental losses [%] 0.3 

Total losses [%] 5.8 

Net energy production 

The expected wind farm energy production figures for a single generic 2 MW wind turbine at the mast 

location are as follows: 

Gross energy production [MWh/y] 1,921 

Total energy production losses [%] 5.8 

Net energy production (AEP) [MWh/y] 1,808 

Net full load equivalent hours [h/y] 904 

Net capacity factor [%] 10.3 

11.6 UNCERTAINTY ANALYSIS 

Some uncertainty components are directly quantified in terms of energy production, whereas some 

other uncertainty components are first quantified in terms of wind speed, then translated into 

uncertainties in terms of energy production, by applying a sensitivity factor. The sensitivity factor relates 

energy production change to wind speed change. 

The global uncertainty is then calculated from the individual uncertainty components by assuming that 

they are independent and that the resulting uncertainty follows a normal distribution (central-limit 

theorem). They can therefore be combined by calculating the square root of the sum of the squares of 

each uncertainty. 
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Some uncertainty components are directly quantified in terms of energy production, whereas some 

other uncertainty components are first quantified in terms of wind speed, then translated into 

uncertainties in terms of energy production, by applying a sensitivity factor. The sensitivity factor relates 

energy production change to wind speed change. For this specific project, the sensitivity factor is 

calculated to be 2.5. 

In this study, the following sources of uncertainty are considered. 

• Wind measurements (wind speed)

• Long-term extrapolation (wind speed)

• Vertical extrapolation (wind speed)

• Future wind variability (wind speed)

• Weibull Representativity (wind speed)

• Power curve (production)

• Energy production losses (production)

The table below presents the breakdown of uncertainty analysis in terms of annual energy production. 

Wind measurements [% AEP] 14.6 

Long-term extrapolation [% AEP] 0.0 

Vertical extrapolation [% AEP] 0.0 

Future wind variability [20 years] [% AEP] 14.6 

Weibull representativity [% AEP] 12.6 

Power curve [% AEP] 8.4 

Production losses [% AEP] 1.1 

Combined uncertainty [20 years] [% AEP] 25.6 

AEPs over 20-year period exceeded with various probabilities of 50% to 95% are as follows: 

1 year AEP (P50) [MWh/y] 1,808 

AEP (P75) [MWh/y] 1,447 

AEP (P90) [MWh/y] 1,122 

AEP (P95) [MWh/y] 928 

10 years AEP (P50) [MWh/y] 1,808 

AEP (P75) [MWh/y] 1,492 

AEP (P90) [MWh/y] 1,207 

AEP (P95) [MWh/y] 1,036 

15 years AEP (P50) [MWh/y] 1,808 

AEP (P75) [MWh/y] 1,494 

AEP (P90) [MWh/y] 1,212 

AEP (P95) [MWh/y] 1,043 

20 years AEP (P50) [MWh/y] 1,808 

AEP (P75) [MWh/y] 1,496 

AEP (P90) [MWh/y] 1,214 

AEP (P95) [MWh/y] 1,046 
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11.7 TURBULENCE ANALYSIS 

The measured turbulence at 80 m AGL compared to the IEC curves is depicted in the figures below. 

The effective turbulence intensity measured at Dangibada at 80 m AGL is below the representative 

turbulence intensity of Class B wind turbines (IEC 61400-1, ed. 3.0) for the wind speed range of 5.5 m/s 

to 12.5 m/s. Different turbulence values were measured at high speeds and they caused the turbulence 

graph to have an unusual shape. This exceedance is due to the small number of data at that wind speed 

bin and low wind speed average. 

Figure 33: Turbulence at 80 m AGL compared to the IEC curves 
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12. SITE 8 – KOILABAS, DANG 

12.1 MEASUREMENT CAMPAIGN 

Koilabas measurement campaign started on 27/04/2018. A site visit carried out by 3E for commissioning 

on 10/12/2018. 

Data have been collected and checked regularly until the report date. 

No problems were encountered during this measurement campaign. 

12.2 WIND DATA PROCESSING 

Short-term wind regime 

To verify the validity of an anemometer's calibration throughout the measurement period, the IEC 

61400-12-1 [4] offers two methods: a post-calibration or an in-situ anemometer comparison. Since no 

post-calibration has been carried out, the in-situ calibration procedure as described in Annex D of the 

IEC standard has been carried out to check the anemometer integrity throughout the measurement 

period. The two anemometers mounted at 80m Ch1 and 80m Ch2 were considered for the test; the one 

connected to CH1 as the primary and the other one as the control anemometer. The in-situ test 

identified that side-mounted anemometer at 80m with a 0° boom direction for Koilabas maintain the 

validity of their calibration throughout the full measurement period. For some wind speeds, it hasn't 

been calculated according to lack of bins. 

More details on the procedure and results of the in-situ test are provided in Annex D. 

In order to avoid the introduction of a seasonal bias in the next steps of the study, the short-term period 

is limited to complete years (2 years from 28/04/2018 to 27/04/2020 in this case ).This period selection 

is made taking account the data availability over the whole period and is based on a rolling period 

analysis. Data recovery rates of that period can be found in Annex C, wind regime roses in Annex E and 

Weibull parameters in Annex F. 

The mast shading effect is corrected by alternatively using the measurements of both anemometers at 

each height depending on the wind direction. 

Height  Primary 

anemometer 

Secondary 

anemometer 

Wind directions where secondary 

anemometer is used 

80 m C2 C1 351 - 9 

Annex H presents the seasonal and diurnal variations observed over the short-term. 
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Long-term wind regime 

The long-term extrapolation is performed in three steps: first, the most reliable reference datasets are 

identified, then the best combination of reference data and extrapolation method is selected. 

Eventually, the combination of dataset and method resulting in the lowest uncertainty (cf. Section 12.6) 

is selected. 

3E selects reference dataset from the following sources: 

• MERRA-2 and ERA-5 reanalysis data from WindPRO (4 closest grid points),

• Meteorological station data from WindPRO,

The following criteria are used to select reference datasets from these sources: 

• Agreement: the reference dataset should agree with the measurements in terms of wind speed

variations over time. This agreement is quantified by the Pearson correlation coefficient “r”. 3E

considers a Pearson coefficient of 0.7 (all data or monthly averages) as a minimum prerequisite

for a reference dataset to be considered for long-term extrapolation.

• Time resolution: the time resolution of the reference dataset should be constant over time. In

case time resolution varies, 3E resamples data to a constant time resolution.

• Data availability: missing periods should be limited and evenly distributed over time. 3E

considers data availability above 80 % as a minimum prerequisite for a reference dataset to be

used for long-term extrapolation.

• Consistency: the reference dataset should not reveal any abrupt change or unrealistic trend. 3E

applies a SNHT test [2] order to identify discontinuities. If this happens, then the available

period is limited to ensure homogeneity. 3E then also applies a Mann-Kendall test [5][6] (90%

confidence interval) in order to identify possible trends. Again, the available period is limited to

ensure the absence of a trend.

3E considers 3 state-of-the-art long-term extrapolation methods: Linear regression MCP, Matrix MCP 

and Wind Index.  

3E only considers MCP methods if r (all data) exceeds a threshold of 0.7. For the Wind Index method, 3E 

considers that the same threshold applies, but this time using the monthly averaged r-value. 

For each selected reference dataset, 3E applies the applicable extrapolation method(s), depending on r 

(all data) and r (monthly averages). 

• For Koilabas 80m Mast: the least uncertainty8 is obtained from ERA-5 at grid point 82.25°E 27.75°N

using the Wind Index method, which is therefore the selected combination of reference data and

extrapolation method. The agreement between the measurements and the reference dataset are

given in Annex I.

• The result of the Wind Index method is a long-term correction factor of 0.98 for the mast. This

correction factor has been applied to the short-term generalised wind climate (the lib file) in

WindPro in order to obtain a long-term representative generalized wind climate. The Weibull

8 Uncertainty figure results from a calculation based on many parameters (cf. section 12.6) and is calculated for 

every potential combination of reliable reference data and long-term extrapolation method.in order to identify the 

combination with the lowest uncertainty, which should then be used in the study. 
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parameters of this new time series are given in Annex K. Weibull parameters per sector at 80 m AGL 

and charts of the long-term wind regime (mean wind speed, frequency and energy roses) are 

provided in Annex J. The Weibull mean wind speed expected over the long-term is slightly lower than 

the Weibull mean speed over the short-term (3.87 m/s compared to 3.95 m/s); the prevailing wind 

direction is North, East and East-South-East. 

Figure 34: Annual windiness relative to last concurrent year 

12.3 WIND FLOW MODELLING 

Terrain features influence the wind flow and thus play a significant role in the spatial extrapolation of 

the wind regime. The software package WindPRO and the WAsP wind flow model are used in the 

present study. WAsP requires a terrain model describing elevation, roughness and other relevant 

obstacles to the wind flow that are not modelled as roughness. 

The terrain model used in this study represents the current conditions, which are assumed to remain the 

same over the wind farm lifetime. 

Terrain model 

c. Elevation

The wind regime can be highly influenced by elevation differences across the site. For this study, terrain 

elevation is modelled within a radius of 15 km (in line with WAsP recommendations [7]) based on SRTM 

data. Height contour lines are then generated with an elevation difference of 5 m between two 

successive lines.  

It should be noted that SRTM is a digital surface model (DSM), which includes features such as forests 

and buildings. This is accounted for in the uncertainty assessment (cf. section 12.6).  

d. Roughness length

Roughness length is a key parameter of the equation that governs wind shear. Changes in roughness 

length cause variations of wind shear, which propagate vertically as the air flows over the site. The 

impact at measurement or hub height therefore varies with distance to roughness changes but is also 

related to atmospheric conditions. 

Given that roughness length is closely related to land use, terrain roughness is typically modelled using a 

land-use database. However, no such suitable database with the required quality and resolution is 

available for the project sites considered in this study. Therefore, the roughness maps have been 

created manually based on aerial photos and covering an area with a radius of 20km around each site. 

The roughness length values considered are presented in the caption of the following figures.  
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Figure 35: Elevation map 15x15km (with mast in center) with 

5m elevation difference between lines. Altitudes in map range 

from 90m to 890m (warmer colors indicate higher altitudes).  

Figure 36: Ground roughness map 20x20km (with mast in 

center). Background roughness length is 0.5m, corresponding to 

forest trees. Roughness length for specific areas are 0.0m for 

the lakes and rivers(yellow) and 0.05m for areas corresponding 

to open field with distributed rows of trees and shrubs (blue) 

Wind flow model 

WAsP is used to extrapolate the wind regime to the mast location. It involves two steps: a vertical 

extrapolation of the wind regime and a horizontal extrapolation of the wind regime. 

a. Horizontal extrapolation of the wind regime

In this study, wind measurements are only available at a single location, which does not allow any 

validation of the horizontal extrapolation of the wind regime. 

b. Vertical extrapolation of the wind regime

By default, WAsP is configured for atmospheric conditions typical of North-Western Europe. Therefore, 

parameters sometimes need to be adapted. In particular, some parameters strongly affect the vertical 

extrapolation of the wind regime and can be validated and calibrated if necessary, by comparison of the 

measured and calculated wind shears.  

In this study, WAsP parameters are adapted so that the calculated wind shear agrees with the short-

term measured wind shear as presented below; 

 Parameter Default Value Adapted to 

Offset heat flux over land -40 80 

The mean wind speeds measured at the various heights over the short-term period limited to 2 years 

(cf. Section 12.2) and the vertical wind speed profile calculated by WAsP from the measurements at 80 

m AGL and from the adapted model parameters are given in the following graph. 
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Figure 37: Mean wind speeds measured over the short-term period limited to 2 complete years and vertical wind 

speed profile calculated by WAsP using measurements at 80 m AGL 

The table below presents the wind shear; 

Measurement Device Shear Exponent (Between 60m – 80m) 

Koilabas 0.326 

12.4 EXTREME WIND SPEED ANALYSIS AT MAST LOCATION 

Various methods are available to compute extreme wind speed from short-term site measurements, 

such as annual maxima, independent storms, r-largest extremes with the Generalized Extreme Value 

(GEV) distribution or peak-over-threshold (POT) extreme with Generalized Pareto Distribution (GPD). 

The accuracy of the results is largely dependent on the length of the data set collected on site (see e.g. 

[3]. A minimum of 10 years is usually required, although some methods may provide suitable results for 

time series as short as six years [4]. Working with shorter datasets implies large standard errors (as it is 

inversely proportional to the sample size). 

Considering the available measurement period of the available data, the Peak-Over-Threshold (POT) 

method with Generalized Pareto Distribution (GPD) was considered the best performing. Indeed, the 

other methods were not suitable for evaluating the extreme wind speed since they required longer time 

series than what is available for this project. Due to the fact that the short meteorological stations in the 

region did not have good enough quality (low data availability, no visibility on the campaign 

maintenance, etc., therefore low data reliability); they did not allow for further analysis based on 

different methodologies. 

The results based on the POT method are presented below: 

Measurement Device Extreme wind speed [m/s] 

Koilabas 24.8 m/s 
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12.5 ENERGY PRODUCTION CALCULATION 

In agreement with the World Bank, the energy production is calculated for a single turbine at the mast 

location. A generic 2 MW turbine with a hub height of 80 m is selected for the purpose of this study.  

Gross energy production 

A gross energy production refers to the theoretical energy production that would be achieved if there 

was no operational loss. It is calculated by combining the wind regime at a wind turbine location and 

hub height to the power curve specific to the considered wind turbine type and corrected for local hub 

height air density. This is done using the software WindPRO.  

Since the energy content of the wind varies proportionally to air density, power curves are adapted 

accordingly before being used in calculations. The adaptation is done using the new recommended 

WindPRO method (adjusted IEC 61400-12 method, improved to match turbine control) [8]. 

For this project, air density at hub height is 1.127 kg/m³ on the wind turbine location and hub height. Air 

density is calculated by WindPRO based on the temperature and pressure measurements from the 

meteorological mast and extrapolated to the long-term using the ERA5 grid point at 82.25°E 27.75°N. 

Air density calculation results on mast locations are provided in Annex N. 

Important Note: AEP calculation results are specific to the considered wind turbine power curve. 

Therefore, when procuring the wind turbines for the project, it should be verified that the power curve 

guaranteed by the manufacturer in the procurement contract corresponds to the one used in this study. 

Any change to the power curve may require the recalculation of the AEP. 

Energy production losses 

In addition to energy conversion losses taken into account in the power curve, other losses affect the 

electrical power expected to be delivered to the grid. The following losses are taken into account in this 

study and are summarised below.  

• Wake losses: Wake losses are due to the mutual influence of the wind turbines and are

calculated using the N.O. Jensen (EMD) : 2005 wake model implemented in WindPRO.

• Unavailability losses: Unavailability losses are due to downtime of the wind turbines or balance

of plant (maintenance or technical incidents) as well as downtime of the power grid.

• Performance losses: Turbine performance losses are typically due to high wind hysteresis, yaw

misalignment, wind flow inclination, turbulence, wind shear and other differences between

turbine power curve test conditions.

• Electrical losses: Electrical losses occur in cables and transformers ensuring electrical

transmission to the wind farm substation.

• Environmental losses: Environmental losses account for the performance degradation of the

wind turbines due to environmental conditions.
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The energy production losses defined in the preceding section are summarized below. 

Wake losses [%] 0.0 

Unavailability losses [%] 3.7 

Performance losses [%] 0.5 

Electrical losses [%] 1.5 

Environmental losses [%] 0.3 

Total losses [%] 5.8 

Net energy production 

The expected wind farm energy production figures for a single generic 2 MW wind turbine at the mast 

location are as follows: 

Gross energy production [MWh/y] 1,747 

Total energy production losses [%] 5.8 

Net energy production (AEP) [MWh/y] 1,645 

Net full load equivalent hours [h/y] 823 

Net capacity factor [%] 9.4 

12.6 UNCERTAINTY ANALYSIS 

Some uncertainty components are directly quantified in terms of energy production, whereas some 

other uncertainty components are first quantified in terms of wind speed, then translated into 

uncertainties in terms of energy production, by applying a sensitivity factor. The sensitivity factor relates 

energy production change to wind speed change. 

The global uncertainty is then calculated from the individual uncertainty components by assuming that 

they are independent and that the resulting uncertainty follows a normal distribution (central-limit 

theorem). They can therefore be combined by calculating the square root of the sum of the squares of 

each uncertainty. 

Some uncertainty components are directly quantified in terms of energy production, whereas some 

other uncertainty components are first quantified in terms of wind speed, then translated into 

uncertainties in terms of energy production, by applying a sensitivity factor. The sensitivity factor relates 

energy production change to wind speed change. For this specific project, the sensitivity factor is 

calculated to be 3.2. 

In this study, the following sources of uncertainty are considered. 

• Wind measurements (wind speed)

• Long-term extrapolation (wind speed)

• Vertical extrapolation (wind speed)

• Future wind variability (wind speed)

• Weibull Representativity (wind speed)

• Power curve (production)

• Energy production losses (production)
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The table below presents the breakdown of uncertainty analysis in terms of annual energy production. 

Wind measurements [% AEP] 6.4 

Long-term extrapolation [% AEP] 15.6 

Vertical extrapolation [% AEP] 0.0 

Future wind variability [20 years] [% AEP] 5.4 

Weibull Representativity [% AEP] 3.6 

Power curve [% AEP] 11.0 

Production losses [% AEP] 1.1 

Combined uncertainty [20 years] [% AEP] 21.2 

AEPs over 20 year period exceeded with various probabilities of 50%  to 95% are are as follows: 

1 year AEP (P50) [MWh/y] 1,645 

AEP (P75) [MWh/y] 1,332 

AEP (P90) [MWh/y] 1,049 

AEP (P95) [MWh/y] 880 

10 years AEP (P50) [MWh/y] 1,645 

AEP (P75) [MWh/y] 1,404 

AEP (P90) [MWh/y] 1,186 

AEP (P95) [MWh/y] 1,056 

15 years AEP (P50) [MWh/y] 1,645 

AEP (P75) [MWh/y] 1,408 

AEP (P90) [MWh/y] 1,195 

AEP (P95) [MWh/y] 1,067 

20 years AEP (P50) [MWh/y] 1,645 

AEP (P75) [MWh/y] 1,410 

AEP (P90) [MWh/y] 1,199 

AEP (P95) [MWh/y] 1,072 
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12.7 TURBULENCE ANALYSIS 

The measured turbulence at 80 m AGL compared to the IEC curves is depicted in the figures below. 

The effective turbulence intensity measured at Koilabas at 80 m AGL is above the representative 

turbulence intensity of Class A wind turbines (IEC 61400-1, ed. 3.0) for the wind speed range of 5.5 m/s 

to 16.5 m/s. Different turbulence values were measured at high speeds and they caused the turbulence 

graph to have an unusual shape. This exceedance is due to the small number of data at that wind speed 

bin and low wind speed average. 

 

Figure 38: Turbulence at 80 m AGL compared to the IEC curves 
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13. SITE 9 – SAPTAMI, MIKLAJUNG 

13.1 MEASUREMENT CAMPAIGN 

Saptami measurement campaign started on 19/10/2018. A site visit carried out by 3E for commissioning 

on 07/12/2018. 

Data have been collected and checked regularly until the report date. 

The following problems were encountered during the measurement campaign: 

• Vector anemometer problem @80m between 28/02/2019 – 06/03/2020 

• Anemometer problem @80m between 10/06/2019 – 20/06/2019 

• Wind vane problem @78.5m between 10/06/2019 – 05/12/2019 

• Wind vane problem @78.5m between 01/04/2019 – 18/04/2019 

• Wind Vane problem @58.5m between 10/06/2019 – 04/12/2019 

• Wind Vane problem @58.5m since 20/03/2020 

• Anemometer problem @40m between 16/07/2019 – 02/09/2019 

• Anemometer problem @40m since 14/06/2020 

 

The following changes were applied to the data during the post processing; 

• The following offset was applied on the wind vanes to account for the boom orientation: 

o Vane @78.5m: -10° (Between 19/10/2018 – 07/12/2018) 

o Vane @58.5m: -10° (Between 19/10/2018 – 07/12/2018) 

 

13.2 WIND DATA PROCESSING 

Short-term wind regime 

To verify the validity of an anemometer's calibration throughout the measurement period, the IEC 

61400-12-1 [4] offers two methods: a post-calibration or an in-situ anemometer comparison. No post-

calibration has been carried out and in-situ test was not completed due to vector anemometer problems 

at the highest level. 

After data processing, due to problems encountered with the measurement campaign, the available 

short-term period had to be limited to 7.2 months (06/12/2019 to 09/07/2020). Data recovery rates of 

that period can be found in Annex C, wind regime roses in Annex E and Weibull parameters in Annex F. 

In this study, due to top vector anemometer problem no mast shading effect observed; hence First Class 

anemometer has been used for the calculations. 

Height  Primary 

anemometer 

Secondary 

anemometer 

Wind directions where secondary 

anemometer is used 

80 m C1 - - 

Annex H presents the seasonal and diurnal variations observed over the short-term. 
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Long-term wind regime 

The long-term extrapolation is performed in three steps: first, the most reliable reference datasets are 

identified, then the best combination of reference data and extrapolation method is selected. 

Eventually, the combination of dataset and method resulting in the lowest uncertainty (cf. Section 

13.612.6) is selected. 

3E selects reference dataset from the following sources: 

• MERRA-2 and ERA-5 reanalysis data from WindPRO (4 closest grid points),

• Meteorological station data from WindPRO,

The following criteria are used to select reference datasets from these sources: 

• Agreement: the reference dataset should agree with the measurements in terms of wind speed

variations over time. This agreement is quantified by the Pearson correlation coefficient “r”. 3E

considers a Pearson coefficient of 0.7 (all data or monthly averages) as a minimum prerequisite

for a reference dataset to be considered for long-term extrapolation.

• Time resolution: the time resolution of the reference dataset should be constant over time. In

case time resolution varies, 3E resamples data to a constant time resolution.

• Data availability: missing periods should be limited and evenly distributed over time. 3E

considers data availability above 80 % as a minimum prerequisite for a reference dataset to be

used for long-term extrapolation.

• Consistency: the reference dataset should not reveal any abrupt change or unrealistic trend. 3E

applies a SNHT test [2] order to identify discontinuities. If this happens, then the available

period is limited to ensure homogeneity. 3E then also applies a Mann-Kendall test [5][6] (90%

confidence interval) in order to identify possible trends. Again, the available period is limited to

ensure the absence of a trend.

3E considers 3 state-of-the-art long-term extrapolation methods: Linear regression MCP, Matrix MCP 

and Wind Index.  

3E only considers MCP methods if r (all data) exceeds a threshold of 0.7. For the Wind Index method, 3E 

considers that the same threshold applies, but this time using the monthly averaged r-value. 

For each selected reference dataset, 3E applies the applicable extrapolation method(s), depending on r 

(all data) and r (monthly averages). 

• For Saptami 80m Mast: the least uncertainty9 is obtained from ERA-5 at grid point 87.75°E 26.75°N

using the Wind Index method, which is therefore the selected combination of reference data and

extrapolation method. The agreement between the measurements and the reference dataset are

given in Annex I.

• The result of the Wind Index method is a long-term correction factor of 1.04 for the mast. This

correction factor has been applied to the short-term generalised wind climate (the lib file) in

WindPro in order to obtain a long-term representative generalized wind climate. The Weibull

9 Uncertainty figure results from a calculation based on many parameters (cf. section 13.6) and is calculated for 

every potential combination of reliable reference data and long-term extrapolation method.in order to identify the 

combination with the lowest uncertainty, which should then be used in the study. 
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parameters of this new time series are given in Annex K. Weibull parameters per sector at 80 m AGL 

and charts of the long-term wind regime (mean wind speed, frequency and energy roses) are 

provided in Annex J. The Weibull mean wind speed expected over the long-term is slightly lower than 

the Weibull mean speed over the short-term (4.36 m/s compared to 4.40 m/s); the prevailing wind 

direction is East-South-East. 

 

Figure 39: Annual windiness relative to last concurrent year 

13.3 WIND FLOW MODELLING 

Terrain features influence the wind flow and thus play a significant role in the spatial extrapolation of 

the wind regime. The software package WindPRO and the WAsP wind flow model are used in the 

present study. WAsP requires a terrain model describing elevation, roughness and other relevant 

obstacles to the wind flow that are not modelled as roughness. 

The terrain model used in this study represents the current conditions, which are assumed to remain the 

same over the wind farm lifetime. 

Terrain model 

c. Elevation 

The wind regime can be highly influenced by elevation differences across the site. For this study, terrain 

elevation is modelled within a radius of 15 km (in line with WAsP recommendations [7]) based on SRTM 

data. Height contour lines are then generated with an elevation difference of 5 m between two 

successive lines.  

It should be noted that SRTM is a digital surface model (DSM), which includes features such as forests 

and buildings. This is accounted for in the uncertainty assessment (cf. section 13.6).  

d. Roughness length 

Roughness length is a key parameter of the equation that governs wind shear. Changes in roughness 

length cause variations of wind shear, which propagate vertically as the air flows over the site. The 

impact at measurement or hub height therefore varies with distance to roughness changes but is also 

related to atmospheric conditions. 

Given that roughness length is closely related to land use, terrain roughness is typically modelled using a 

land-use database. However, no such suitable database with the required quality and resolution is 

available for the project sites considered in this study. Therefore, the roughness maps have been 

created manually based on aerial photos and covering an area with a radius of 20km around each site. 

The roughness length values considered are presented in the caption of the following figures.  
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Figure 40: Elevation map 15x15km (with mast in center) 

with 5m elevation difference between lines. Altitudes in 

map range from 180m to 3030m (warmer colors indicate 

higher altitudes).  

Figure 41: Ground roughness map 20x20km (with mast in center). 

Background roughness length is 0.35m, corresponding to forest 

trees. Roughness length for specific areas are 0.0m for the lakes 

and rivers(yellow). 

Wind flow model 

WAsP is used to extrapolate the wind regime to the mast location. It involves two steps: a vertical 

extrapolation of the wind regime and a horizontal extrapolation of the wind regime. 

e. Horizontal extrapolation of the wind regime

In this study, wind measurements are only available at a single location, which does not allow any 

validation of the horizontal extrapolation of the wind regime. 

f. Vertical extrapolation of the wind regime

By default, WAsP is configured for atmospheric conditions typical of North-Western Europe. Therefore, 

parameters sometimes need to be adapted. In particular, some parameters strongly affect the vertical 

extrapolation of the wind regime and can be validated and calibrated if necessary, by comparison of the 

measured and calculated wind shears.  

In this study, WAsP parameters are kept the same as original. 
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The mean wind speeds measured at the various heights over the short-term period limited to 7.2 

months (cf. Section 13.2) and the vertical wind speed profile calculated by WAsP from the 

measurements at 80 m AGL and from the adapted model parameters are given in the following graph. 

Figure 42: Mean wind speeds measured over the short-term period limited to 7.2 months and vertical wind speed 

profile calculated by WAsP using measurements at 80 m AGL 

The table below presents the wind shear; 

Measurement Device Shear Exponent (Between 60m – 80m) 

Saptami 0.088 

13.4 EXTREME WIND SPEED ANALYSIS AT MAST LOCATION 

Various methods are available to compute extreme wind speed from short-term site measurements, 

such as annual maxima, independent storms, r-largest extremes with the Generalized Extreme Value 

(GEV) distribution or peak-over-threshold (POT) extreme with Generalized Pareto Distribution (GPD). 

The accuracy of the results is largely dependent on the length of the data set collected on site (see e.g. 

[3]. A minimum of 10 years is usually required, although some methods may provide suitable results for 

time series as short as six years [4]. Working with shorter datasets implies large standard errors (as it is 

inversely proportional to the sample size). 

Considering the available measurement period of the available data, the Peak-Over-Threshold (POT) 

method with Generalized Pareto Distribution (GPD) was considered the best performing. Indeed, the 

other methods were not suitable for evaluating the extreme wind speed since they required longer time 

series than what is available for this project. Due to the fact that the short meteorological stations in the 

region did not have good enough quality (low data availability, no visibility on the campaign 

maintenance, etc., therefore low data reliability); they did not allow for further analysis based on 

different methodologies. 

The results based on the POT method are presented below: 

Measurement Device Extreme wind speed [m/s] 

Saptami 29.0 m/s 
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13.5 ENERGY PRODUCTION CALCULATION 

In agreement with the World Bank, the energy production is calculated for a single turbine at the mast 

location. A generic 2 MW turbine with a hub height of 80 m is selected for the purpose of this study.  

Gross energy production 

A gross energy production refers to the theoretical energy production that would be achieved if there 

was no operational loss. It is calculated by combining the wind regime at a wind turbine location and 

hub height to the power curve specific to the considered wind turbine type and corrected for local hub 

height air density. This is done using the software WindPRO.  

Since the energy content of the wind varies proportionally to air density, power curves are adapted 

accordingly before being used in calculations. The adaptation is done using the new recommended 

WindPRO method (adjusted IEC 61400-12 method, improved to match turbine control) [8]. 

For this project, air density at hub height is 0.938 kg/m³ on the wind turbine location and hub height. Air 

density is calculated by WindPRO based on the temperature and pressure measurements from the 

meteorological mast and extrapolated to the long-term using the ERA5 grid point at 87.75°E 26.75°N. 

Air density calculation results on mast locations are provided in Annex N. 

Important Note: AEP calculation results are specific to the considered wind turbine power curve. 

Therefore, when procuring the wind turbines for the project, it should be verified that the power curve 

guaranteed by the manufacturer in the procurement contract corresponds to the one used in this study. 

Any change to the power curve may require the recalculation of the AEP. 

Energy production losses 

In addition to energy conversion losses taken into account in the power curve, other losses affect the 

electrical power expected to be delivered to the grid. The following losses are taken into account in this 

study and are summarised below.  

• Wake losses: Wake losses are due to the mutual influence of the wind turbines and are

calculated using the N.O. Jensen (EMD) : 2005 wake model implemented in WindPRO.

• Unavailability losses: Unavailability losses are due to downtime of the wind turbines or balance

of plant (maintenance or technical incidents) as well as downtime of the power grid.

• Performance losses: Turbine performance losses are typically due to high wind hysteresis, yaw

misalignment, wind flow inclination, turbulence, wind shear and other differences between

turbine power curve test conditions.

• Electrical losses: Electrical losses occur in cables and transformers ensuring electrical

transmission to the wind farm substation.

• Environmental losses: Environmental losses account for the performance degradation of the

wind turbines due to environmental conditions.
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The energy production losses defined in the preceding section are summarized below. 

Wake losses [%] 0.0 

Unavailability losses [%] 3.7 

Performance losses [%] 0.5 

Electrical losses [%] 1.5 

Environmental losses [%] 0.4 

Total losses [%] 5.9 

Net energy production 

The expected wind farm energy production figures for a single generic 2 MW wind turbine at the mast 

location are as follows: 

Gross energy production [MWh/y] 2,690 

Total energy production losses [%] 5.9 

Net energy production (AEP) [MWh/y] 2,531 

Net full load equivalent hours [h/y] 1,265 

Net capacity factor [%] 14.4 

13.6 UNCERTAINTY ANALYSIS 

Some uncertainty components are directly quantified in terms of energy production, whereas some 

other uncertainty components are first quantified in terms of wind speed, then translated into 

uncertainties in terms of energy production, by applying a sensitivity factor. The sensitivity factor relates 

energy production change to wind speed change. 

The global uncertainty is then calculated from the individual uncertainty components by assuming that 

they are independent and that the resulting uncertainty follows a normal distribution (central-limit 

theorem). They can therefore be combined by calculating the square root of the sum of the squares of 

each uncertainty. 

Some uncertainty components are directly quantified in terms of energy production, whereas some 

other uncertainty components are first quantified in terms of wind speed, then translated into 

uncertainties in terms of energy production, by applying a sensitivity factor. The sensitivity factor relates 

energy production change to wind speed change. For this specific project, the sensitivity factor is 

calculated to be 2.5. 

In this study, the following sources of uncertainty are considered. 

• Wind measurements (wind speed)

• Long-term extrapolation (wind speed)

• Vertical extrapolation (wind speed)

• Future wind variability (wind speed)

• Weibull Representativity (wind speed)

• Power curve (production)

• Energy production losses (production)
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The table below presents the breakdown of uncertainty analysis in terms of annual energy production. 

Wind measurements [% AEP] 13.2 

Long-term extrapolation [% AEP] 11.9 

Vertical extrapolation [% AEP] 0.0 

Future wind variability [20 years] [% AEP] 4.2 

Weibull Representativity [% AEP] 6.6 

Power curve [% AEP] 7.9 

Production losses [% AEP] 1.1 

Combined uncertainty [20 years] [% AEP] 21.0 

 

AEPs over 20 year period exceeded with various probabilities of 50%  to 95% are are as follows: 

1 year AEP (P50) [MWh/y] 2,531 

AEP (P75) [MWh/y] 2,012 

AEP (P90) [MWh/y] 1,634 

AEP (P95) [MWh/y] 1,407 

10 years AEP (P50) [MWh/y] 2,531 

AEP (P75) [MWh/y] 2,082 

AEP (P90) [MWh/y] 1,766 

AEP (P95) [MWh/y] 1,577 

15 years AEP (P50) [MWh/y] 2,531 

AEP (P75) [MWh/y] 2,086 

AEP (P90) [MWh/y] 1,774 

AEP (P95) [MWh/y] 1,587 

20 years AEP (P50) [MWh/y] 2,531 

AEP (P75) [MWh/y] 2,172 

AEP (P90) [MWh/y] 1,849 

AEP (P95) [MWh/y] 1,656 
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13.7 TURBULENCE ANALYSIS 

The measured turbulence at 80 m AGL compared to the IEC curves is depicted in the figures below. 

The effective turbulence intensity measured at Saptami at 80 m AGL is below the representative 

turbulence intensity of Class C wind turbines (IEC 61400-1, ed. 3.0) for all wind speed except a few bins. 

Different turbulence values were measured at high speeds and they caused the turbulence graph to 

have an unusual shape. This exceedance is due to the small number of data at that wind speed bin and 

low wind speed average. 

 

Figure 43: Turbulence at 80 m AGL compared to the IEC curves 
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14. SITE 10 – BIRTABESI, RAMECHHAP

14.1 MEASUREMENT CAMPAIGN 

Birtabesi measurement campaign started on 04/12/2018. A site visit carried out by 3E for commissioning 

on 04/12/2018. 

Data have been collected and checked regularly until the report date. 

The following problems were encountered during the measurement campaign: 

• Anemometer problem @40m since 27/04/2020

14.2 WIND DATA PROCESSING 

Short-term wind regime 

To verify the validity of an anemometer's calibration throughout the measurement period, the IEC 

61400-12-1 [4] offers two methods: a post-calibration or an in-situ anemometer comparison. Since no 

post-calibration has been carried out, the in-situ calibration procedure as described in Annex D of the 

IEC standard has been carried out to check the anemometer integrity throughout the measurement 

period. The two anemometers mounted at 80m Ch1 and 80m Ch2 were considered for the test; the one 

connected to CH1 as the primary and the other one as the control anemometer. The in-situ test 

identified that side-mounted anemometer at 80m with a 30° boom direction for Birtabesi maintain the 

validity of their calibration throughout the full measurement period. For most of the wind speeds, it 

hasn't been calculated according to very low wind speeds on site. 

More details on the procedure and results of the in-situ test are provided in Annex D. 

In order to avoid the introduction of a seasonal bias in the next steps of the study, the short-term period 

is limited to complete years (1 year from 05/12/2018 to 04/12/2019 in this case ).This period selection is 

made taking account the data availability over the whole period and is based on a rolling period analysis. 

Data recovery rates of that period can be found in Annex C, wind regime roses in Annex E and Weibull 

parameters in Annex F. 

In this study, no mast shading effect observed; hence First Class anemometer has been used for the 

calculations. 

Height Primary 

anemometer 

Secondary 

anemometer 

Wind directions where secondary 

anemometer is used 

80 m C2 - - 

Annex H presents the seasonal and diurnal variations observed over the short-term. 
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Long-term wind regime 

The long-term extrapolation is performed in three steps: first, the most reliable reference datasets are 

identified, then the best combination of reference data and extrapolation method is selected. 

Eventually, the combination of dataset and method resulting in the lowest uncertainty (cf. Section 14.6) 

is selected. 

3E selects reference dataset from the following sources: 

• MERRA-2 and ERA-5 reanalysis data from WindPRO (4 closest grid points),

• Meteorological station data from WindPRO,

The following criteria are used to select reference datasets from these sources: 

• Agreement: the reference dataset should agree with the measurements in terms of wind speed

variations over time. This agreement is quantified by the Pearson correlation coefficient “r”. 3E

considers a Pearson coefficient of 0.7 (all data or monthly averages) as a minimum prerequisite

for a reference dataset to be considered for long-term extrapolation.

• Time resolution: the time resolution of the reference dataset should be constant over time. In

case time resolution varies, 3E resamples data to a constant time resolution.

• Data availability: missing periods should be limited and evenly distributed over time. 3E

considers data availability above 80 % as a minimum prerequisite for a reference dataset to be

used for long-term extrapolation.

• Consistency: the reference dataset should not reveal any abrupt change or unrealistic trend. 3E

applies a SNHT test [2] order to identify discontinuities. If this happens, then the available

period is limited to ensure homogeneity. 3E then also applies a Mann-Kendall test [5][6] (90%

confidence interval) in order to identify possible trends. Again, the available period is limited to

ensure the absence of a trend.

3E considers 3 state-of-the-art long-term extrapolation methods: Linear regression MCP, Matrix MCP 

and Wind Index.  

3E only considers MCP methods if r (all data) exceeds a threshold of 0.7. For the Wind Index method, 3E 

considers that the same threshold applies, but this time using the monthly averaged r-value. 

For each selected reference dataset, 3E applies the applicable extrapolation method(s), depending on r 

(all data) and r (monthly averages). 

• For Birtabesi 80m Mast: the least uncertainty10 is obtained from MERRA2 at grid point 86.25°E

27.50°N using the Wind Index method, which is therefore the selected combination of reference data

and extrapolation method. The agreement between the measurements and the reference dataset

are given in Annex I.

• The result of the Wind Index method is a long-term correction factor of 0.89 for the mast. This

correction factor has been applied to the short-term generalised wind climate (the lib file) in

WindPro in order to obtain a long-term representative generalized wind climate. The Weibull

10 Uncertainty figure results from a calculation based on many parameters (cf. section 14.6) and is calculated for 

every potential combination of reliable reference data and long-term extrapolation method.in order to identify the 

combination with the lowest uncertainty, which should then be used in the study. 
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parameters of this new time series are given in Annex K. Weibull parameters per sector at 80 m AGL 

and charts of the long-term wind regime (mean wind speed, frequency and energy roses) are 

provided in Annex J. The Weibull mean wind speed expected over the long-term is slightly lower than 

the Weibull mean speed over the short-term (1.49 m/s compared to 1.42 m/s); the prevailing wind 

direction is South-South-East and East-South-East. 

Figure 44: Annual windiness relative to last concurrent year 

14.3 WIND FLOW MODELLING 

Terrain features influence the wind flow and thus play a significant role in the spatial extrapolation of 

the wind regime. The software package WindPRO and the WAsP wind flow model are used in the 

present study. WAsP requires a terrain model describing elevation, roughness and other relevant 

obstacles to the wind flow that are not modelled as roughness. 

The terrain model used in this study represents the current conditions, which are assumed to remain the 

same over the wind farm lifetime. 

Terrain model 

a. Elevation

The wind regime can be highly influenced by elevation differences across the site. For this study, terrain 

elevation is modelled within a radius of 15 km (in line with WAsP recommendations [7]) based on SRTM 

data. Height contour lines are then generated with an elevation difference of 5 m between two 

successive lines.  

It should be noted that SRTM is a digital surface model (DSM), which includes features such as forests 

and buildings. This is accounted for in the uncertainty assessment (cf. section 14.6).  

b. Roughness length

Roughness length is a key parameter of the equation that governs wind shear. Changes in roughness 

length cause variations of wind shear, which propagate vertically as the air flows over the site. The 

impact at measurement or hub height therefore varies with distance to roughness changes but is also 

related to atmospheric conditions. 

Given that roughness length is closely related to land use, terrain roughness is typically modelled using a 

land-use database. However, no such suitable database with the required quality and resolution is 

available for the project sites considered in this study. Therefore, the roughness maps have been 

created manually based on aerial photos and covering an area with a radius of 20km around each site. 

The roughness length values considered are presented in the caption of the following figures.  
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Figure 45: Elevation map 15x15km (with mast in center) with 

5m elevation difference between lines. Altitudes in map range 

from 350m to 2,585m (warmer colors indicate higher 

altitudes).  

 
Figure 46: Ground roughness map 20x20km (with mast in 

center). Background roughness length is 0.1m, corresponding 

to open field with distributed rows of trees and shrubs. 

Roughness length for specific areas are 0.0m for the 

rivers(yellow) and 0.8m for areas corresponding to forests 

(pink) 

Wind flow model 

WAsP is used to extrapolate the wind regime to the mast location. It involves two steps: a vertical 

extrapolation of the wind regime and a horizontal extrapolation of the wind regime. 

a. Horizontal extrapolation of the wind regime 

In this study, wind measurements are only available at a single location, which does not allow any 

validation of the horizontal extrapolation of the wind regime. 

b. Vertical extrapolation of the wind regime 

By default, WAsP is configured for atmospheric conditions typical of North-Western Europe. Therefore, 

parameters sometimes need to be adapted. In particular, some parameters strongly affect the vertical 

extrapolation of the wind regime and can be validated and calibrated if necessary, by comparison of the 

measured and calculated wind shears.  

The mean wind speeds measured at the various heights over the short-term period limited to 1 year (cf. 

Section 14.2) and the vertical wind speed profile calculated by WAsP from the measurements at 80 m 

AGL and from the adapted model parameters are given in the following graph. It has been observed that 

due to complexity of the site, WAsP calculations are not useful for Birtabesi. In this study, due to the fact 

that turbine location is as the mast location and hub-height is the same as the mast height, there is no 

effect of the vertical profile on the production values for used turbine type. However, CFD study is 

required for a different hub-height or different turbine location. 
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Figure 47: Mean wind speeds measured over the short-term period limited to 1 complete year and vertical wind 

speed profile calculated by WAsP using measurements at 80 m AGL 

The table below presents the wind shear; 

Measurement Device Shear Exponent (Between 60m – 80m) 

Birtabesi 0.043 

14.4 EXTREME WIND SPEED ANALYSIS AT MAST LOCATION 

Various methods are available to compute extreme wind speed from short-term site measurements, 

such as annual maxima, independent storms, r-largest extremes with the Generalized Extreme Value 

(GEV) distribution or peak-over-threshold (POT) extreme with Generalized Pareto Distribution (GPD). 

The accuracy of the results is largely dependent on the length of the data set collected on site (see e.g. 

[3]. A minimum of 10 years is usually required, although some methods may provide suitable results for 

time series as short as six years [4]. Working with shorter datasets implies large standard errors (as it is 

inversely proportional to the sample size). 

Considering the available measurement period of the available data, the Peak-Over-Threshold (POT) 

method with Generalized Pareto Distribution (GPD) was considered the best performing. Indeed, the 

other methods were not suitable for evaluating the extreme wind speed since they required longer time 

series than what is available for this project. Due to the fact that the short meteorological stations in the 

region did not have good enough quality (low data availability, no visibility on the campaign 

maintenance, etc., therefore low data reliability); they did not allow for further analysis based on 

different methodologies. 
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The results based on the POT method are presented below: 

Measurement Device Extreme wind speed [m/s] 

Koilabas 20.7 m/s 

14.5 ENERGY PRODUCTION CALCULATION 

In agreement with the World Bank, the energy production is calculated for a single turbine at the mast 

location. A generic 2 MW turbine with a hub height of 80 m is selected for the purpose of this study. Due 

to very low wind speeds on site, it has been observed that energy production values are extremely low. 

Despite this, generic turbine type was used due to the educational content and comparability of the 

report. 

Gross energy production 

A gross energy production refers to the theoretical energy production that would be achieved if there 

was no operational loss. It is calculated by combining the wind regime at a wind turbine location and 

hub height to the power curve specific to the considered wind turbine type and corrected for local hub 

height air density. This is done using the software WindPRO.  

Since the energy content of the wind varies proportionally to air density, power curves are adapted 

accordingly before being used in calculations. The adaptation is done using the new recommended 

WindPRO method (adjusted IEC 61400-12 method, improved to match turbine control) [8]. 

For this project, air density at hub height is 1.102 kg/m³ on the wind turbine location and hub height. Air 

density is calculated by WindPRO based on the temperature and pressure measurements from the 

meteorological mast and extrapolated to the long-term using the ERA5 grid point at 86.00°E 27.25°N. 

Air density calculation results on mast locations are provided in Annex N. 

Important Note: AEP calculation results are specific to the considered wind turbine power curve. 

Therefore, when procuring the wind turbines for the project, it should be verified that the power curve 

guaranteed by the manufacturer in the procurement contract corresponds to the one used in this study. 

Any change to the power curve may require the recalculation of the AEP. 

Energy production losses 

In addition to energy conversion losses taken into account in the power curve, other losses affect the 

electrical power expected to be delivered to the grid. The following losses are taken into account in this 

study and are summarised below.  

• Wake losses: Wake losses are due to the mutual influence of the wind turbines and are

calculated using the N.O. Jensen (EMD) : 2005 wake model implemented in WindPRO.

• Unavailability losses: Unavailability losses are due to downtime of the wind turbines or balance

of plant (maintenance or technical incidents) as well as downtime of the power grid.

• Performance losses: Turbine performance losses are typically due to high wind hysteresis, yaw

misalignment, wind flow inclination, turbulence, wind shear and other differences between

turbine power curve test conditions.

• Electrical losses: Electrical losses occur in cables and transformers ensuring electrical

transmission to the wind farm substation.
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• Environmental losses: Environmental losses account for the performance degradation of the

wind turbines due to environmental conditions.

The energy production losses defined in the preceding section are summarized below. 

Wake losses [%] 0.0 

Unavailability losses [%] 3.7 

Performance losses [%] 0.5 

Electrical losses [%] 1.5 

Environmental losses [%] 0.3 

Total losses [%] 5.8 

Net energy production 

The expected wind farm energy production figures for a single generic 2 MW wind turbine at the mast 

location are as follows: 

Gross energy production [MWh/y] 167 

Total energy production losses [%] 5.8 

Net energy production (AEP) [MWh/y] 158 

Net full load equivalent hours [h/y] 79 

Net capacity factor [%] 0.9 

14.6 UNCERTAINTY ANALYSIS 

Some uncertainty components are directly quantified in terms of energy production, whereas some 

other uncertainty components are first quantified in terms of wind speed, then translated into 

uncertainties in terms of energy production, by applying a sensitivity factor. The sensitivity factor relates 

energy production change to wind speed change. 

The global uncertainty is then calculated from the individual uncertainty components by assuming that 

they are independent and that the resulting uncertainty follows a normal distribution (central-limit 

theorem). They can therefore be combined by calculating the square root of the sum of the squares of 

each uncertainty. 

Some uncertainty components are directly quantified in terms of energy production, whereas some 

other uncertainty components are first quantified in terms of wind speed, then translated into 

uncertainties in terms of energy production, by applying a sensitivity factor. The sensitivity factor relates 

energy production change to wind speed change. For this specific project, the sensitivity factor is 

calculated to be 3.8. 

In this study, the following sources of uncertainty are considered. 

• Wind measurements (wind speed)

• Long-term extrapolation (wind speed)

• Vertical extrapolation (wind speed)

• Future wind variability (wind speed)

• Weibull Representativity (wind speed)

• Power curve (production)

• Energy production losses (production)
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The table below presents the breakdown of uncertainty analysis in terms of annual energy production. 

Wind measurements [% AEP] 21.9 

Long-term extrapolation [% AEP] 14.5 

Vertical extrapolation [% AEP] 0.0 

Future wind variability [20 years] [% AEP] 6.4 

Weibull Representativity [% AEP] 9.9 

Power curve [% AEP] 7.7 

Production losses [% AEP] 1.1 

Combined uncertainty [20 years] [% AEP] 29.9 

AEPs over 20 year period exceeded with various probabilities of 50%  to 95% are are as follows: 

1 year AEP (P50) [MWh/y] 158 

AEP (P75) [MWh/y] 118 

AEP (P90) [MWh/y] 82 

AEP (P95) [MWh/y] 61 

10 years AEP (P50) [MWh/y] 158 

AEP (P75) [MWh/y] 125 

AEP (P90) [MWh/y] 96 

AEP (P95) [MWh/y] 79 

15 years AEP (P50) [MWh/y] 158 

AEP (P75) [MWh/y] 126 

AEP (P90) [MWh/y] 97 

AEP (P95) [MWh/y] 80 

20 years AEP (P50) [MWh/y] 158 

AEP (P75) [MWh/y] 126 

AEP (P90) [MWh/y] 97 

AEP (P95) [MWh/y] 80 
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14.7 TURBULENCE ANALYSIS 

The measured turbulence at 80 m AGL compared to the IEC curves is depicted in the figures below. 

The effective turbulence intensity measured at Birtabesi at 80 m AGL is above the representative 

turbulence intensity of Class A wind turbines (IEC 61400-1, ed. 3.0) for the wind speed range of3.5 m/s 

to 12.5 m/s. Different turbulence values were measured at high speeds and they caused the turbulence 

graph to have an unusual shape. This exceedance is due to the small number of data at that wind speed 

bin and low wind speed average. 

Figure 48: Turbulence at 80 m AGL compared to the IEC curves 
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ANNEX A COORDINATES OF THE SITES 

Site 1 Sitapur 2 Pidari 3 Tangbe 4 Purunchheda 5 Khajura 

Area ~150x150 m2 >1 km2 ~500x500 m2 ~200x200 m2 ~250x200 m2 

Mast height 80 m 80 m 80 m 80 m 80 m 

Coordinates 

Longitude 11 26°39'12.00"N 26°25'31.38"N 28°52'49.89"N 28°02'41.82"N 28°06'32.34"N 

Latitude 86°24'55.56"E 87°40'4.08"E 83°47'58.40"E 82°35'19.8"E 81°35'38.28"E 

Elevation 95 m 70 m 3,040.1 m 1,447.5 m 150 m 

Site 6 Kagbeni 7 Dangibada 8 Koilabas 9 Saptami 10 Birtabesi 

Area ~300x500 m2 ~100x100 m2 ~200x200 m2  ~200x200m2 ~120x100 m2 

Mast height 80 m 80 m 80 m 80 m 80 m 

Coordinates 

Longitude 12 28°49'55.96"N 29°14'3.32"N 27°41'23.24"N 26°58'28.11"N 27°16'36.76"N 

Latitude 83°47'16.92"E 82°04'8.32"E 82°31'35.42"E 87°41'11.47"E 86°04'50.00"E 

Elevation 3,036.3 m 2,311.3 m 210 m 2,181.3 m 453.8 m 

11 All coordinates are using the WGS84 datum. 
12 All coordinates are using the WGS84 datum. 
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ANNEX B MAST INSTRUMENT SERIAL NUMBER AND CALIBRATION INFORMATION 

Site 1: Sitapur, Siraha 

Instrument MAKE MODEL SERIAL NO. 
CALIBRATION 

CERTIFICATE 
SLOPE OFFSET 

HEIGHT 

[m] 

BOOM 

ORIENTATION 

Anemometer Thies 4.3351.10.000 10164564 1615871 0.04587 0.2605 80 0 

Anemometer Vector A100LM 17546 1710485 0.09751 0.1456 80 180 

Anemometer Thies 4.3351.10.000 10164565 1615870 0.04589 0.2610 60 0 

Anemometer Thies 4.3351.10.000 10164562 1615873 0.04585 0.2600 40 0 

Anemometer Thies 4.3351.10.000 10164563 1615872 0.04591 0.2690 20 0 

Wind vane Thies 4.3151.00.901 1170363 - - 340 78.5 0 

Wind vane Thies 4.3151.00.901 1170364 - - 280 58.5 0 

Temperature Galltec TPC1.S/6-ME 166451 - 100 -30 76 - 

Temp & 

humidity 
Galltec KPC1.S/6-ME 173443 - 100 -30 / 0 5 - 

Barometer Ammonit AB100 B16-0201 - 100 600 4 - 

Site 2: Pidari, Morang 

Instrument MAKE MODEL SERIAL NO. 
CALIBRATION 

CERTIFICATE 
SLOPE OFFSET 

HEIGHT 

[m] 

BOOM 

ORIENTATION 

Anemometer Thies 4.3351.10.000 10164571 1615864 0.04596 0.2537 80 0 

Anemometer Vector A100LM 17548 1710487 0.09802 0.1396 80 180 

Anemometer Thies 4.3351.10.000 10164573 1615861 0.04593 0.2541 60 0 

Anemometer Thies 4.3351.10.000 10164570 1615865 0.04597 0.2443 40 0 

Anemometer Thies 4.3351.10.000 10164572 1615862 0.04602 0.2404 20 0 

Wind vane Thies 4.3151.00.901 1170367 - - 298 78.5 0 

Wind vane Thies 4.3151.00.901 1170368 - - 315 58.5 0 

Temperature Galltec TPC1.S/6-ME 166457 - 100 -30 76 - 

Temp & 

humidity 
Galltec KPC1.S/6-ME 173445 - 100 -30 / 0 5 - 

Barometer Ammonit AB100 B16-0233 - 100 600 4 - 
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Site 3: Tangbe, Mustang 

Instrument MAKE MODEL SERIAL NO. 
CALIBRATION 

CERTIFICATE 
SLOPE OFFSET 

HEIGHT 

[m] 

BOOM 

ORIENTATION 

Anemometer Thies 4.3351.10.000 1176109 1710476 0.04600 0.2325 80 300 

Anemometer Thies 4.3351.10.000 1176106 1710480 0.04589 0.2385 60 300 

Anemometer Thies 4.3351.10.000 1176107 1710479 0.04593 0.2438 40 300 

Anemometer Thies 4.3351.10.000 1176108 1710478 0.0459 0.2475 20 300 

Wind vane Thies 4.3151.00.901 10160353 - - 300 78.5 300 

Wind vane Thies 4.3151.00.901 10160354 - - 300 58.5 300 

Temperature  Galltec TPC1.S/6-ME 166444 - 100 -30 76 - 

Temp & 

humidity  
Galltec KPC1.S/6-ME 173438 - 100 -30 / 0 5 - 

Barometer Ammonit AB100 B16-0235 - 100 600 4 - 

 

Site 4: Purungchheda, Dang 

Instrument MAKE MODEL SERIAL NO. 
CALIBRATION 

CERTIFICATE 
SLOPE OFFSET 

HEIGHT 

[m] 

BOOM 

ORIENTATION 

Anemometer Thies 4.3351.10.000 10164371 1635546 0.04605 0.2246 80 0 

Anemometer Vector A100LM 17543 1710482 0.09750 0.1457 80 180 

Anemometer Thies 4.3351.10.000 10164369 1635548 0.04613 0.2193 60 0 

Anemometer Thies 4.3351.10.000 10164368 1635549 0.04600 0.2258 40 0 

Anemometer Thies 4.3351.10.000 10164370 1635547 0.04600 0.2462 20 0 

Wind vane Thies 4.3151.00.901 10160357 - - 319 78.5 0 

Wind vane Thies 4.3151.00.901 10160358 - - 319 58.5 0 

Temperature  Galltec TPC1.S/6-ME 166448 - 100 -30 76 - 

Temp & 

humidity  
Galltec KPC1.S/6-ME 173440 - 100 -30 / 0 5 - 

Barometer Ammonit AB100 B16-0198 - 100 600 4 - 
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Site 5: Khajura, Banke 

Instrument MAKE MODEL SERIAL NO. 
CALIBRATION 

CERTIFICATE 
SLOPE OFFSET 

HEIGHT 

[m] 

BOOM 

ORIENTATION 

Anemometer Thies 4.3351.10.000 10164560 1615875 0.04606 0.2292 80 30 

Anemometer Vector A100LM 17545 1710484 0.09792 0.1282 80 210 

Anemometer Thies 4.3351.10.000 10164559 1615876 0.04590 0.2569 60 30 

Anemometer Thies 4.3351.10.000 10164561 1615874 0.04590 0.2711 40 30 

Anemometer Thies 4.3351.10.000 10164558 1615877 0.04597 0.2574 20 30 

Wind vane Thies 4.3151.00.901 01170366 - - 29 78.5 30 

Wind vane Thies 4.3151.00.901 01170362 - - 30 58.5 30 

Temperature Galltec TPC1.S/6-ME 166450 - 100 -30 76 - 

Temp & 

humidity 
Galltec KPC1.S/6-ME 173442 - 100 -30 / 0 5 - 

Barometer Ammonit AB100 B16-0200 - 100 600 4 - 

Site 6: Kagbeni, Mustang 

Instrument MAKE MODEL SERIAL NO. 
CALIBRATION 

CERTIFICATE 
SLOPE OFFSET 

HEIGHT 

[m] 

BOOM 

ORIENTATION 

Anemometer Thies 4.3351.10.000 1176112 1710473 0.04604 0.2247 80 300 

Anemometer Thies 4.3351.10.000 01176111 1710474 0.04588 0.2491 60 300 

Anemometer Thies 4.3351.10.000 01176110 1710475 0.04591 0.2594 40 300 

Anemometer Thies 4.3351.10.000 01176113 1710472 0.04597 0.241 20 300 

Wind vane Thies 4.3151.00.901 10160355 - - 300 78.5 300 

Wind vane Thies 4.3151.00.901 10160356 - - 300 58.5 300 

Temperature Galltec TPC1.S/6-ME 166445 - 100 -30 76 - 

Temp & 

humidity 
Galltec KPC1.S/6-ME 173439 - 100 -30 / 0 5 - 

Barometer Ammonit AB100 B16-0197 - 100 600 4 - 
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Site 7: Dangibada, Jumla 

Instrument MAKE MODEL SERIAL NO. 
CALIBRATION 

CERTIFICATE 
SLOPE OFFSET 

HEIGHT 

[m] 

BOOM 

ORIENTATION 

Anemometer Thies 4.3351.10.000 11165932 1615964 0.04597 0.2355 80 0 

Anemometer Vector A100LM 17542 1710481 0.09716 0.1621 80 180 

Anemometer Thies 4.3351.10.000 11165933 1615963 0.04586 0.2709 60 0 

Anemometer Thies 4.3351.10.000 11165930 1615966 0.04593 0.2377 40 0 

Anemometer Thies 4.3351.10.000 11165931 1615965 0.04578 0.2661 20 0 

Wind vane Thies 4.3151.00.901 10160349 - - 2 78.5 0 

Wind vane Thies 4.3151.00.901 10160350 - - 2 58.5 0 

Temperature  Galltec TPC1.S/6-ME 162316 - 100 -30 76 - 

Temp & 

humidity  
Galltec KPC1.S/6-ME 173437 - 100 -30 / 0 5 - 

Barometer Ammonit AB100 B16-0195 - 100 600 4 - 

 

Site 8: Koilabas, Dang 

Instrument MAKE MODEL SERIAL NO. 
CALIBRATION 

CERTIFICATE 
SLOPE OFFSET 

HEIGHT 

[m] 

BOOM 

ORIENTATION 

Anemometer Thies 4.3351.10.000 10164576 1615858 0.04599 0.2505 80 0 

Anemometer Vector A100LM 17549 1710488 0.09762 0.1597 80 180 

Anemometer Thies 4.3351.10.000 10164577 1615857 0.04601 0.2399 60 0 

Anemometer Thies 4.3351.10.000 10164575 1615859 0.04583 0.2725 40 0 

Anemometer Thies 4.3351.10.000 10164574 1615860 0.04595 0.2499 20 0 

Wind vane Thies 4.3151.00.901 1170370 - - 2 78.5 0 

Wind vane Thies 4.3151.00.901 1170369 - - 2 58.5 0 

Temperature  Galltec TPC1.S/6-ME 166460 - 100 -30 76 - 

Temp & 

humidity  
Galltec KPC1.S/6-ME 173446 - 100 -30 / 0 5 - 

Barometer Ammonit AB100 B16-0234 - 100 600 4 - 
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Site 9: Saptami, Miklajung 

Instrument MAKE MODEL SERIAL NO. 
CALIBRATION 

CERTIFICATE 
SLOPE OFFSET 

HEIGHT 

[m] 

BOOM 

ORIENTATION 

Anemometer Thies 4.3351.10.000 10164557 1615878 0.04591 0.2516 80 20 

Anemometer Vector A100LM 17544 1710483 0.09792 0.1252 80 200 

Anemometer Thies 4.3351.10.000 10164555 1615880 0.04593 0.2505 60 20 

Anemometer Thies 4.3351.10.000 10164556 1615879 0.04595 0.2414 40 20 

Anemometer Thies 4.3351.10.000 10164554 1615881 0.04591 0.2581 20 20 

Wind vane Thies 4.3151.00.901 01170372 - - 20 78.5 20 

Wind vane Thies 4.3151.00.901 10160359 - - 20 58.5 20 

Temperature Galltec TPC1.S/6-ME 166449 - 100 -30 76 - 

Temp & 

humidity 
Galltec KPC1.S/6-ME 173441 - 100 -30 / 0 5 - 

Barometer Ammonit AB100 B16-0199 - 100 600 4 - 

Site 10: Birtabesi, Ramechhap 

Instrument MAKE MODEL SERIAL NO. 
CALIBRATION 

CERTIFICATE 
SLOPE OFFSET 

HEIGHT 

[m] 

BOOM 

ORIENTATION 

Anemometer Thies 4.3351.10.000 10164568 1615867 0.0458 0.2656 80 30 

Anemometer Vector A100LM 17547 1710486 0.09769 0.1393 80 210 

Anemometer Thies 4.3351.10.000 10164566 1615869 0.04590 0.2616 60 30 

Anemometer Thies 4.3351.10.000 10164569 1615866 0.04597 0.2495 40 30 

Anemometer Thies 4.3351.10.000 10164567 1615868 0.04596 0.2399 20 30 

Wind vane Thies 4.3151.00.901 10160360 - - 10 78.5 30 

Wind vane Thies 4.3151.00.901 01170365 - - 30 58.5 30 

Temperature Galltec TPC1.S/6-ME 166456 - 100 -30 76 - 

Temp & 

humidity 
Galltec KPC1.S/6-ME 173444 - 100 -30 / 0 5 - 

Barometer Ammonit AB100 B16-0232 - 100 600 4 - 
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ANNEX C DATA RECOVERY RATES OVER THE SHORT-TERM 

Site 1: Sitapur, Siraha 

Site 1 Sitapur (16/02/2018 – 15/02/2019) 

Months Availability [%] 

@80m @80m Vector @60m @40m @20m 

11/2017 100* 100* 100* 100* 100* 

12/2017 100 100 100 100 100 

01/2018 100 100 100 100 100 

02/2018 100 100 100 100 100 

03/2018 100 100 100 100 100 

04/2018 100 100 100 100 100 

05/2018 100 100 100 100 100 

06/2018 100 100 100 100 100 

07/2018 100 100 100 100 100 

08/2018 100 100 100 100 100 

09/2018 100 100 100 100 100 

10/2018 100 100 100 100 100 

11/2018 100 100 100 100 100 

12/2018 100 100 100 100 100 

01/2019 100 100 100 100 100 

02/2019 100 100 100 100 100 

03/2019 100 100 100 100 100 

04/2019 100 100 100 100 100 

05/2019 100 100 100 100 100 

06/2019 100 100 100 100 100 

07/2019 85.7 99.4 100 100 100 

08/2019 97.5 97.2 97.5 97.5 97.5 

09/2019 97.4 97.4 97.4 97.4 97.4 

10/2019 95* 92.6* 95* 95* 95* 

Mean 99 99.5 99.6 99.6 99.6 
*Not covering the full month
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Site 2: Pidari, Morang 

Site 2 Pidari (24/02/2018 – 23/02/2020) 

Months Availability [%] 

@80m @80m Vector @60m @40m @20m 

01/2018 100* 100* 100* 100* 100* 

02/2018 100 100 100 100 99.8 

03/2018 100 100 100 100 99.9 

04/2018 100 100 100 99.9 100 

05/2018 100 100 100 100 100 

06/2018 100 100 99.9 100 100 

07/2018 100 100 100 100 100 

08/2018 100 100 100 99.9 99.8 

09/2018 100 100 100 100 100 

10/2018 100 100 100 100 100 

11/2018 100 100 100 100 100 

12/2018 100 100 100 100 100 

01/2019 100 100 100 100 100 

02/2019 100 100 100 100 100 

03/2019 100 100 100 100 100 

04/2019 100 100 100 100 100 

05/2019 100 100 100 100 100 

06/2019 100 100 100 100 100 

07/2019 100 100 100 100 100 

08/2019 100 100 100 100 100 

09/2019 100 100 100 100 100 

10/2019 96.8 96.8 96.8 96.8 96.8 

11/2019 100 100 100 100 100 

12/2019 100 100 100 100 100 

01/2020 100 100 100 100 100 

02/2020 100 100 100 100 100 

03/2020 100 100 100 100 100 

04/2020 100* 100* 100* 100* 100* 

Mean 99.9 99.9 99.9 99.9 99.9 
*Not covering the full month
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Site 3: Tangbe, Mustang 

Site 3 Tangbe 
Months Availability [%] 

@80m @60m @40m @40m 

04/2019 84.7* 84.6* 84.5* 84.7* 

05/2019 26.9 4.5 26.9 4.5 

06/2019 0 0 0 0 

07/2019 0 0 0 0 

08/2019 0 0 0 0 

09/2019 0 0 0 0 

10/2019 0 0 0 0 

11/2019 0 0 0 0 

12/2019 0 0 0 0 

01/2020 0 0 0 0 

02/2020 0 0 0 0 

03/2020 0 0 0 0 

04/2020 0 0 0 0 

05/2020 0 0 0 0 

06/2020 0 0 0 0 

07/2020 0 0 0 0 

08/2020 0* 0* 0* 0* 

Mean 6.0 4.6 5.9 4.6 

*Not covering the full month
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Site 4: Purungchheda, Dang 

Site 4 Purungchheda (02/01/2018 – 01/01/2020) 

Months Availability [%] 

@80m @80m Vector @60m @40m @20m 

11/2017 100* 100* 100* 100* 100* 

12/2017 100 100 100 100 100 

01/2018 100 100 100 100 100 

02/2018 100 100 100 100 100 

03/2018 100 100 100 100 100 

04/2018 100 100 100 100 100 

05/2018 100 100 100 100 100 

06/2018 100 100 100 100 100 

07/2018 100 100 100 100 100 

08/2018 100 100 100 100 100 

09/2018 100 100 100 100 100 

10/2018 100 100 100 100 100 

11/2018 100 100 100 100 100 

12/2018 100 100 100 100 100 

01/2019 100 100 100 100 100 

02/2019 100 100 100 100 100 

03/2019 100 100 100 100 100 

04/2019 93.7 93.7 93.7 93.7 93.7 

05/2019 100 100 100 100 100 

06/2019 100 100 100 100 100 

07/2019 100 100 100 100 100 

08/2019 100 100 100 100 100 

09/2019 100 100 100 100 100 

10/2019 100 100 100 100 100 

11/2019 100 100 100 100 100 

12/2019 100 100 100 100 100 

01/2020 89.3 100 100 100 100 

02/2020 51.4 100 100 100 100 

03/2020 0 100 100 100 100 

04/2020 4.6* 100* 100* 100* 100* 

Mean 92.7 99.8 99.8 99.8 99.8 
*Not covering the full month 
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Site 5: Khajura, Banke 

Site 5 Khajura (29/11/2017 to 28/11/2019) 

Months Availability [%] 

@80m @80m Vector @60m @40m @20m 

10/2017 100* 100* 100* 100* 100* 

11/2017 100 100 100 99.9 99.7 

12/2017 87.5 87.5 99.8 99.9 99.8 

01/2018 100 100 100 100 100 

02/2018 100 100 99.9 99.9 99.9 

03/2018 100 100 100 100 100 

04/2018 100 100 100 100 100 

05/2018 100 100 100 100 100 

06/2018 100 100 100 100 100 

07/2018 100 100 100 100 100 

08/2018 99.9 99.9 99.9 99.9 99.9 

09/2018 100 100 100 99.9 99.9 

10/2018 99.9 99.9 100 99.9 99.9 

11/2018 99.8 99.8 99.9 100 99.9 

12/2018 99.8 99.8 100 99.9 100 

01/2019 100 100 99.9 99.9 99.8 

02/2019 100 100 100 100 99.9 

03/2019 100 100 100 100 99.9 

04/2019 100 100 100 100 100 

05/2019 100 99.9 100 100 100 

06/2019 100 100 100 100 100 

07/2019 100 100 100 100 100 

08/2019 100 100 98.7 98.7 98.7 

09/2019 100 100 100 100 100 

10/2019 100 100 100 100 100 

11/2019 100 100 100 100 100 

12/2019 100 100 99.6 99.6 99.6 

01/2020 100 100 100 100 100 

02/2020 100 100 100 100 100 

03/2020 100 100 100 100 100 

04/2020 100* 100* 100* 100* 100* 

Mean 99.5 99.5 99.9 99.9 99.9 
*Not covering the full month
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Site 6: Kagbeni, Mustang 

Site 6 Kagbeni (16/02/2018 – 15/02/2019) 

Months Availability [%] 

@80m @60m @40m @40m 

04/2019 100* 100* 100* 100* 

05/2019 100 100 100 100 

06/2019 100 100 100 100 

07/2019 99.9 100 100 100 

08/2019 100 100 100 100 

09/2019 100 100 100 100 

10/2019 100 100 100 100 

11/2019 100 100 100 100 

12/2019 100 100 100 100 

01/2020 100 100 100 53.1 

02/2020 79.5 0 97.9 0 

03/2020 62.6 0 20 0 

04/2020 0 0 0 0 

05/2020 0 0 0 0 

06/2020 0 0 0 0 

07/2020 0* 0* 0* 0* 

Mean 71.4 63.0 69.9 59.6 

*Not covering the full month
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Site 7: Dangibada, Jumla 

Site 7 Dangibada (25/05/2018 to 08/03/2020) 

Months Availability [%] 

@80m @80m Vector @60m @40m @20m 

05/2018 100* 97.7* 79.6* 79.6* 79.6* 

06/2018 100 100 68.4 68.4 68.4 

07/2018 100 100 81.6 81.6 81.6 

08/2018 99.6 100 74.5 74.6 74.4 

09/2018 99.9 100 80.4 80.4 80.4 

10/2018 100 100 86.7 86.7 86.7 

11/2018 100 100 82.9 82.9 82.9 

12/2018 99.9 100 83.4 83.4 83.4 

01/2019 98.1 96.3 71 71 71 

02/2019 99.7 100 76.2 76.2 74.1 

03/2019 100 100 78.8 78.8 78.8 

04/2019 100 100 66 66 66 

05/2019 99.9 100 74.6 74.6 74.6 

06/2019 100 100 100 100 100 

07/2019 99.9 99.9 99.9 100 100 

08/2019 99.9 100 99.9 99.9 99.9 

09/2019 99.8 99.8 99.6 99.9 100 

10/2019 99.8 99.8 99.9 99.9 100 

11/2019 100 100 100 100 100 

12/2019 99.3 99.3 98.9 98.6 98.8 

01/2020 99.1 99.1 99.4 99.7 99.9 

02/2020 100 100 100 100 100 

03/2020 99.6* 99.6* 99.7* 99.3* 99.3* 

Mean 99.7 99.7 86.9 86.9 86.8 

*Not covering the full month
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Site 8: Koilabas, Dang 

Site 8 Koilabas (28/04/2018 to 27/04/2020) 

Months Availability [%] 

@80m @80m Vector @60m @40m @20m 

04/2018 100* 100* 100* 100* 100* 

05/2018 100 100 100 100 100 

06/2018 100 100 100 100 100 

07/2018 100 100 100 100 100 

08/2018 100 100 100 100 100 

09/2018 100 100 100 100 100 

10/2018 100 100 100 100 100 

11/2018 100 100 100 100 100 

12/2018 100 100 100 100 100 

01/2019 100 100 100 100 100 

02/2019 100 100 100 100 100 

03/2019 100 100 100 100 100 

04/2019 100 100 100 100 100 

05/2019 100 100 100 100 100 

06/2019 100 100 100 100 100 

07/2019 100 100 100 100 100 

08/2019 100 100 100 100 100 

09/2019 100 100 100 100 100 

10/2019 100 100 100 100 100 

11/2019 100 100 100 100 100 

12/2019 100 100 100 100 100 

01/2020 100 100 100 100 100 

02/2020 100 100 100 100 100 

03/2020 100 100 100 100 100 

04/2020 100* 100* 100* 100* 100* 

Mean 100 100 100 100 100 

*Not covering the full month
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Site 9: Saptami, Miklajung 

Site 9 Saptami (06/12/2019 to 09/07/2020) 

Months Availability [%] 

@80m @80m Vector @60m @40m @20m 

10/2018 100* 100* 100* 100* 100* 

11/2018 100 100 100 100 100 

12/2018 100 100 100 100 100 

01/2019 100 100 100 100 100 

02/2019 96.2 93.2 96.3 96.4 96.4 

03/2019 98.9 62.1 100 100 100 

04/2019 25.8 0 93.3 93.3 93.3 

05/2019 100 0 100 99.9 100 

06/2019 32.7 0 33.5 33.5 33.5 

07/2019 0 0 0 0 0 

08/2019 0 0 0 0 0 

09/2019 0 0 0 0 0 

10/2019 0 0 0 0 0 

11/2019 0 0 0 0 0 

12/2019 87.1 0 87.1 87.1 87.1 

01/2020 100 0 100 100 100 

02/2020 100 0 98.1 98.1 98.1 

03/2020 100 82.4 91.9 91.9 91.9 

04/2020 100 100 0 0 0 

05/2020 100 100 0 0 0 

06/2020 100 100 0 0 0 

07/2020 100* 100* 0* 0* 0* 

Mean 70.0 47.2 54.6 54.6 54.6 
 

*Not covering the full month 
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Site 10: Birtabesi, Ramechhap 

Site 10 Birtabesi (05/12/2018 to 04/12/2019) 

Months Availability [%] 

@80m @80m Vector @60m @40m @20m 

12/2018 99.9* 99.9* 99.9* 99.9* 99.8* 

01/2019 100 100 99.8 100 100 

02/2019 100 100 100 100 100 

03/2019 100 100 99.8 99.9 99.9 

04/2019 100 100 100 100 100 

05/2019 99.9 99.9 99.6 99.9 99.9 

06/2019 99.7 99.8 99.7 99.9 100 

07/2019 99.8 99.9 99.7 99.8 99.8 

08/2019 99.8 99.8 99.5 99.7 99.9 

09/2019 99.8 99.8 99.7 99.7 99.7 

10/2019 99.7 99.7 99.6 99.7 99.7 

11/2019 99.8 99.8 99.6 99.7 99.7 

12/2019 93.5 93.5 93.4 93.4 93.5 

01/2020 100 100 99.9 100 100 

02/2020 99.9 100 99.8 99.9 99.9 

03/2020 100 100 99.9 100 100 

04/2020 100 100 100 90.2* 100 

05/2020 93.5 93.5 93.4 - 93.5 

06/2020 99.8 99.9 99.6 - 99.7 

07/2020 99.7* 99.5* 99.3* - 99.9*

Mean 99.2 99.2 99.1 84.0 99.2 

*Not covering the full month
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ANNEX D IN-SITU COMPATISON OF ANEMOMETERS 

Methodology 

It is mandatory to check and document that the anemometer maintains the validity of its calibration 

throughout the measurement period. This can be achieved by either comparing the initial calibration 

results with the outcome of the post-calibration or as an alternative, the in-situ anemometer 

comparison following Annex K of the IEC 61400-12-1 standard [4] is permissible. 

Since no post-calibration has been performed, the in-situ calibration procedure has been used to check 

the anemometer integrity throughout the measurement period. In this procedure, a control 

anemometer is selected to monitor the 118ehavior of the primary anemometer used for the wind 

regime estimation. The control anemometer should be in close proximity to the primary one. It should 

be noted that this method does not identify a gradual degradation of the calibration of the anemometer 

if the control anemometer degrades at a similar rate. 

The procedure performs a linear regression between the two anemometers at the beginning of the 

measurement period (maximum duration of 8 weeks). This regression is then applied to the control 

anemometer measurements at the end of the measurement period resulting in an estimated primary 

anemometer wind speed. The difference in the measured and the estimated primary anemometer wind 

speed is calculated for 1 m/s wide wind speed bins. Finally, the root-sum-square of the systematic 

(average of differences) and statistical (standard uncertainty of differences) deviation is calculated for 

each wind speed bin.  

If the value root-sum-square 

• is ≤ 0.1 m/s for each bin, the in-situ test has passed; or 

• is above 0.1 m/s in at least one bin and does not exceed 0.2 m/s in all bins, the uncertainty of 

the anemometer calibration shall be increased; or 

• exceeds 0.2 m/s in any bin, the in-situ test failed, and the test period should be shifted to an 

earlier period. 

The properties and results of the in-situ anemometer comparison for each site are presented in the 

following sub-sections respectively. 
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Site 1: Sitapur, Siraha 

Table 1: Properties of in-situ anemometer comparisons for Sitapur 

Tested anemometer 80 m at 0° 

Control anemometer 80 m at 180° 

Wind speed range 4 m/s to 12 m/s 

Wind direction range (undisturbed) [75.0, 105.0] 

Test period at the beginning 17/11/2017 – 12/01/2018 

Test period at the end 12/08/2019 – 06/10/2019 

Table 2: Results of in-situ anemometer comparison test for Sitapur 

Wind Speed Bin Beginning Bin 

Count 

End bin count Root Sum Square 

[m/s] [-] [-] [m/s] 

4 64 410 0.0172 

5 35 632 0.0112 

6 10 809 0.0103 

7 0 574 - 

8 0 354 - 

9 0 174 - 

10 0 112 - 

11 0 101 - 

12 0 60 -
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Site 2: Pidari, Morang 

Table 3: Properties of in-situ anemometer comparisons for Pidari 

Tested anemometer 80 m at 0° 

Control anemometer 80 m at 180° 

Wind speed range 4 m/s to 12 m/s 

Wind direction range (undisturbed) [75.0, 105.0] 

Test period at the beginning 24/02/2018 – 20/04/2018 

Test period at the end 30/12/2019 – 23/02/2020 

 

Table 4: Results of in-situ anemometer comparison test for Pidari 

Wind Speed Bin  Beginning Bin 

Count 

End bin count Root Sum Square 

[m/s] [-] [-] [m/s] 

4 355 104 0.0053 

5 540 81 0.0095 

6 578 78 0.0241 

7 544 23 0.0217 

8 284 7 0.0272 

9 91 4 0.0248 

10 24 1 - 

11 15 0 - 

12 0 0 - 
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Site 4: Purungchheda, Dang 

Table 5: Properties of in-situ anemometer comparisons for Purungchheda 

Tested anemometer 80 m at 0° 

Control anemometer 80 m at 180° 

Wind speed range 4 m/s to 12 m/s 

Wind direction range 

(undisturbed) 

[75.0, 105.0] 

Test period at the beginning 01/11/2017 – 27/12/2017 

Test period at the end 08/01/2020 – 03/03/2020 

Table 6: Results of in-situ anemometer comparison test for Purungchheda 

Wind Speed Bin Beginning Bin 

Count 

End bin count Root Sum Square 

[m/s] [-] [-] [m/s] 

4 75 181 0.2986 

5 10 91 0.0604 

6 1 64 - 

7 0 26 - 

8 0 13 - 

9 0 5 - 

10 0 5 - 

11 0 1 - 

12 0 0 -
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Site 5: Khajura, Banke 

Table 7:Properties of in-situ anemometer comparisons for Khajura 

Tested anemometer 80 m at 0° 

Control anemometer 80 m at 180° 

Wind speed range 4 m/s to 12 m/s 

Wind direction range 

(undisturbed) 

[285.0, 315.0] 

Test period at the beginning 28/10/2017 – 23/12/2017 

Test period at the end 21/02/2020 – 16/04/2020 

Table 8: Results of in-situ anemometer comparison test for Khajura 

Wind Speed Bin Beginning Bin 

Count 

End bin count Root Sum Square 

[m/s] [-] [-] [m/s] 

4 220 282 0.0154 

5 134 291 0.0353 

6 27 248 0.0520 

7 29 220 0.0678 

8 28 161 0.0873 

9 3 73 0.1070 

10 2 16 - 

11 0 4 - 

12 0 3 -
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Site 7: Dangibada, Jumla 

Table 9:Properties of in-situ anemometer comparisons for Dangibada 

Tested anemometer 80 m at 0° 

Control anemometer 80 m at 180° 

Wind speed range 4 m/s to 12 m/s 

Wind direction range 

(undisturbed) 

[255.0, 285.0] 

Test period at the beginning 25/05/2018 – 20/07/2018 

Test period at the end 13/01/2020 – 08/03/2020 

Table 10: Results of in-situ anemometer comparison test for Dangibada 

Wind Speed Bin Beginning Bin 

Count 

End bin count Root Sum Square 

[m/s] [-] [-] [m/s] 

4 15 4 0.0978 

5 30 15 0.0079 

6 54 42 0.0252 

7 62 19 0.0265 

8 41 9 0.0267 

9 20 8 0.0299 

10 7 0 - 

11 2 0 - 

12 2 0 -
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Site 8: Koilabas, Dang 

Table 11:Properties of in-situ anemometer comparisons for Koilabas 

Tested anemometer 80 m at 0° 

Control anemometer 80 m at 180° 

Wind speed range 4 m/s to 12 m/s 

Wind direction range 

(undisturbed) 

[255.0, 285.0] 

Test period at the beginning 28/04/2018 – 22/06/2018 

Test period at the end 03/03/2020 – 27/04/2020 

Table 12: Results of in-situ anemometer comparison test for Koilabas 

Wind Speed Bin Beginning Bin 

Count 

End bin count Root Sum Square 

[m/s] [-] [-] [m/s] 

4 47 105 0.0303 

5 62 150 0.0419 

6 65 169 0.0541 

7 54 133 0.0527 

8 19 69 0.0846 

9 8 22 0.0770 

10 1 10 - 

11 0 2 - 

12 0 3 -
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Site 9: Saptami, Miklajung 

In-situ test for Saptami couldn’t be completed due to very low data availability of the second top 

anemometer. 

Site 10: Birtabesi, Ramechhap 

Table 13:Properties of in-situ anemometer comparisons for Birtabesi 

Tested anemometer 80 m at 30° 

Control anemometer 80 m at 210° 

Wind speed range 4 m/s to 12 m/s 

Wind direction range 

(undisturbed) 

[285.0, 315.0] 

Test period at the beginning 04/12/2018 - 29/01/2019 

Test period at the end 13/05/2020 - 07/07/2020 

Table 14: Results of in-situ anemometer comparison test for Birtabesi 

Wind Speed Bin Beginning Bin 

Count 

End bin count Root Sum Square 

[m/s] [-] [-] [m/s] 

4 31 32 0.0093 

5 12 15 0.0380 

6 6 9 0.0763 

7 0 2 - 

8 0 2 - 

9 0 0 - 

10 0 0 - 

11 0 0 - 

12 0 0 -
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ANNEX E THE WIND REGIME OBSERVED OVER THE SHORT-TERM 

Site 1: Sitapur, Siraha (03/11/2017 – 20/10/2019) 

            Energy Rose 

 
 

Wind Frequency Rose 

 

Mean Wind Speed Rose 
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Site 2 : Pidari, Morang (24/02/2018 – 23/02/2020) 

            Energy Rose 

 
 

 

 

Wind Frequency Rose 

 

Mean Wind Speed Rose 
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Site 3 : Tangbe, Mustang (06/04/2019 – 07/03/2020) 

            Energy Rose 

 
 

 

 

Wind Frequency Rose 

 

Mean Wind Speed Rose 
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Site 4 : Purungchheda, Dang (02/01/2018 – 01/01/2020) 

            Energy Rose 

 
 

Wind Frequency Rose 

 

Mean Wind Speed Rose 
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Site 5: Khajura, Banke (29/11/2017 – 28/11/2019) 

            Energy Rose 

 

Wind Frequency Rose 

 
Mean Wind Speed Rose 
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Site 6: Kagbeni, Mustang (06/12/2019 – 09/07/2020) 

 Energy Rose Wind Frequency Rose 

Mean Wind Speed Rose 
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Site 7: Dangibada, Jumla (25/08/2018 – 24/08/2019) 

            Energy Rose 

 

Wind Frequency Rose 

 
Mean Wind Speed Rose 
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Site 8: Koilabas, Dang (28/04/2018 – 27/04/2020) 

 Energy Rose Wind Frequency Rose 

Mean Wind Speed Rose 
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Site 9: Saptami, Miklajung (06/12/2019 – 09/07/2020) 

            Energy Rose 

 

Wind Frequency Rose 

 
Mean Wind Speed Rose 
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Site 10: Birtabesi, Ramechhap (05/12/2018 – 04/12/2019) 

 Energy Rose Wind Frequency Rose 

Mean Wind Speed Rose 
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ANNEX F WEIBULL PARAMETERS OF THE SHORT-TERM WIND REGIME 

Site 1 Sitapur 2 Mahadeva 3 Tangbe 4 Purungchheda 

Height AGL [m] 80 80 80 80 

Selected period  

[-] 

03/11/2017 – 

20/10/2019 

24/02/2018 – 

23/02/2020 

06/04/2019 – 

07/03/2020* 

02/01/2018 – 

01/01/2020 

Arithmetic mean wind speed 

[m/s] 
4.47 4.38 7.36 3.94 

Weibull mean wind speed 

[m/s] 
4.52 4.44 7.47 3.90 

Weibull A  

[m/s] 
5.09 5.02 8.22 4.38 

Weibull k  

[m/s] 
1.962 2.170 1.417 1.799 

Prevailing wind directions  

[-] 
E, ESE ENE, E S WSW 

Wind directions with most 

energy content  

[-] 

E, ESE ENE, E S WSW 

*Patched with the Site6 Kagbeni measured data due to problems on measurement campaign. 

Site 5 Khajura 6 Tangbe 7 Dangibada 8 Koilabas 

Height AGL [m] 80 80 80 80 

Selected period 

[-] 

29/11/2017 – 

28/11/2019 

06/12/2019 – 

09/07/2020 

25/08/2018 – 

24/08/2019 

28/04/2018 – 

27/04/2020 

Arithmetic mean wind speed 

[m/s] 
3.55 6.86 3.38 3.94 

Weibull mean wind speed 

[m/s] 
3.55 7.15 3.56 3.95 

Weibull A 

[m/s] 
3.99 7.83 3.89 4.46 

Weibull k 

[m/s] 
1.774 1.389 1.362 2.146 

Prevailing wind directions  

[-] 
WNW – ESE SSW WSW-ENE-SSW N-E-ESE 

Wind directions with most 

energy content  

[-] 

WNW – ESE SSW WSW-SSW N-E-ESE 

 

Site 9 Sitapur 10 Birtabesi 

Height AGL [m] 80 80 

Selected period 

[-] 

06/12/2019 – 

09/07/2020 

05/12/2018 – 

04/12/2019 

Arithmetic mean wind speed 

[m/s] 
4.45 1.57 

Weibull mean wind speed 

[m/s] 
4.35 1.53 

Weibull A 

[m/s] 
4.86 1.61 

Weibull k 

[m/s] 
1.646 1.141 

Prevailing wind directions  

[-] 
ESE SSE-NNW-WNW 

Wind directions with most 

energy content  

[-] 

ESE SSE-ESE 
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ANNEX G COMPARISON OF PREDICTED WIND REGIME AND MODELLED 

WIND REGIME 

During the site selection phase, the “preliminary wind regime” was predicted at each site via the use of 

mesoscale datasets provided by DTU.  

After the measurement campaigns, modelled wind regimes calculated at each site. 

Both preliminary and modelled wind regimes as well as the expected power density at each site are 

given in the tables below. 

Site 1 Sitapur 2 Pidari 3 Tangbe 4 Purungchheda 5 Khajura 

Preliminary wind regime 

Height AGL 

[m] 

80 80 80 80 80 

Expected mean 

wind speed 

[m/s] 

4.9 4.7 7.2 7.2 4.1 

Expected power 

density 

[kWh/m²/year] 

1,874 1,608 3,448 4,360 1,309 

Modelled Regime 

Expected mean 

wind speed 

[m/s] 

4.47 4.38 7.36 3.94 3.55 

Expected power 

density 

[kWh/m²/year] 

887 805 3,807 560 509 

Site 6 Kagbeni 7 Dangibada 8 Koilabas 9 Saptami 10 Birtabesi 

Preliminary wind regime 

Height AGL 

[m] 

80 80 80 80 80 

Expected mean 

wind speed 

[m/s] 

7.5 3.5 4.1 7.2 2.8 

Expected power 

density 

[kWh/m²/year] 

4,241 840 935 4,267 557 

Modelled Regime 

Expected mean 

wind speed 

[m/s] 

6.86 3.38 3.94 4.45 1.57 

Expected power 

density 

[kWh/m²/year] 

3,524 649 535 859 67 
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ANNEX H SHORT-TERM SEASONAL AND DIURNAL VARIATIONS IN WIND 

CHARACTERISTICS  

Hourly wind regime is calculated for each specific month based on the short-term data for each site. 

Thus, seasonal and diurnal variations in wind characteristics are given for each site as frequency in the 

table below. 

Site 1: Sitapur, Siraha (03/11/2017-20/10/2019) 

HOUR/MONTH JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC YEAR 

00:00 0.1% 0.2% 0.4% 0.5% 0.5% 0.4% 1.5% 0.4% 0.3% 0.1% 0.0% 0.0% 4.4% 

01:00 0.1% 0.1% 0.3% 0.5% 0.5% 0.3% 1.6% 0.4% 0.3% 0.1% 0.1% 0.0% 4.3% 

02:00 0.1% 0.1% 0.2% 0.7% 0.7% 0.3% 0.6% 0.5% 0.4% 0.1% 0.0% 0.0% 3.7% 

03:00 0.0% 0.1% 0.2% 0.7% 0.8% 0.4% 0.7% 0.5% 0.4% 0.1% 0.0% 0.0% 4.0% 

04:00 0.0% 0.1% 0.2% 0.7% 0.9% 0.4% 1.3% 0.6% 0.5% 0.1% 0.0% 0.0% 4.9% 

05:00 0.0% 0.1% 0.2% 0.6% 0.8% 0.4% 1.0% 0.5% 0.5% 0.1% 0.0% 0.0% 4.3% 

06:00 0.1% 0.1% 0.3% 0.5% 0.7% 0.4% 1.0% 0.5% 0.4% 0.1% 0.0% 0.1% 4.2% 

07:00 0.1% 0.1% 0.3% 0.5% 0.6% 0.4% 0.7% 0.5% 0.5% 0.1% 0.1% 0.1% 3.9% 

08:00 0.1% 0.2% 0.4% 0.4% 0.6% 0.4% 0.7% 0.5% 0.4% 0.1% 0.1% 0.1% 4.0% 

09:00 0.1% 0.2% 0.4% 0.5% 0.5% 0.3% 1.0% 0.5% 0.4% 0.1% 0.1% 0.1% 4.3% 

10:00 0.1% 0.2% 0.4% 0.4% 0.5% 0.4% 0.8% 0.4% 0.4% 0.1% 0.1% 0.1% 3.8% 

11:00 0.2% 0.2% 0.3% 0.3% 0.5% 0.3% 1.0% 0.3% 0.3% 0.1% 0.1% 0.2% 3.8% 

12:00 0.2% 0.2% 0.4% 0.4% 0.5% 0.3% 0.7% 0.2% 0.3% 0.1% 0.2% 0.2% 3.6% 

13:00 0.2% 0.3% 0.4% 0.5% 0.5% 0.3% 0.5% 0.2% 0.3% 0.1% 0.1% 0.2% 3.6% 

14:00 0.2% 0.2% 0.4% 0.6% 0.5% 0.4% 0.6% 0.3% 0.3% 0.1% 0.1% 0.1% 3.8% 

15:00 0.2% 0.2% 0.3% 0.6% 0.7% 0.4% 1.4% 0.3% 0.3% 0.1% 0.1% 0.1% 4.6% 

16:00 0.2% 0.2% 0.3% 0.5% 0.6% 0.4% 1.3% 0.3% 0.3% 0.1% 0.1% 0.1% 4.3% 

17:00 0.2% 0.2% 0.4% 0.5% 0.6% 0.5% 1.1% 0.3% 0.3% 0.1% 0.0% 0.1% 4.2% 

18:00 0.2% 0.2% 0.4% 0.6% 0.6% 0.4% 1.7% 0.3% 0.2% 0.1% 0.0% 0.1% 4.7% 

19:00 0.2% 0.2% 0.4% 0.5% 0.5% 0.4% 2.3% 0.3% 0.3% 0.1% 0.0% 0.1% 5.2% 

20:00 0.1% 0.2% 0.4% 0.5% 0.5% 0.4% 1.3% 0.4% 0.2% 0.1% 0.0% 0.1% 4.1% 

21:00 0.1% 0.2% 0.3% 0.5% 0.5% 0.3% 1.5% 0.4% 0.2% 0.1% 0.0% 0.1% 4.2% 

22:00 0.1% 0.2% 0.3% 0.5% 0.7% 0.3% 1.3% 0.4% 0.3% 0.1% 0.0% 0.0% 4.2% 

23:00 0.1% 0.2% 0.4% 0.5% 0.5% 0.3% 1.0% 0.4% 0.3% 0.1% 0.0% 0.0% 3.8% 

TOTAL 2.9% 4.3% 7.9% 12.6% 14.3% 8.8% 26.5% 9.3% 8.0% 1.9% 1.4% 2.2%  
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Figure 49: Mean annual power density for short-term measured data between 03/11/2017-20/10/2019 
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Site 2 : Pidari, Morang (24/02/2018 – 23/02/2020) 

HOUR/MONTH JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC YEAR 

00:00 0.1% 0.3% 0.5% 0.7% 0.6% 0.4% 0.5% 0.5% 0.3% 0.2% 0.1% 0.1% 4.3% 

01:00 0.1% 0.2% 0.6% 0.5% 0.5% 0.3% 0.5% 0.4% 0.3% 0.2% 0.1% 0.1% 3.8% 

02:00 0.1% 0.2% 0.4% 0.6% 0.6% 0.3% 0.6% 0.4% 0.3% 0.1% 0.1% 0.1% 3.7% 

03:00 0.1% 0.1% 0.4% 0.7% 0.7% 0.3% 0.6% 0.4% 0.3% 0.1% 0.0% 0.0% 3.9% 

04:00 0.1% 0.1% 0.3% 0.6% 0.7% 0.3% 0.6% 0.5% 0.3% 0.1% 0.1% 0.0% 3.7% 

05:00 0.1% 0.1% 0.2% 0.5% 0.6% 0.3% 0.6% 0.4% 0.4% 0.1% 0.0% 0.0% 3.5% 

06:00 0.1% 0.1% 0.3% 0.5% 0.6% 0.3% 0.6% 0.4% 0.4% 0.1% 0.1% 0.1% 3.5% 

07:00 0.1% 0.1% 0.4% 0.5% 0.5% 0.3% 0.5% 0.4% 0.4% 0.1% 0.1% 0.1% 3.4% 

08:00 0.2% 0.2% 0.5% 0.4% 0.4% 0.3% 0.5% 0.3% 0.4% 0.1% 0.1% 0.1% 3.5% 

09:00 0.2% 0.2% 0.6% 0.4% 0.4% 0.3% 0.4% 0.4% 0.4% 0.1% 0.1% 0.1% 3.5% 

10:00 0.2% 0.2% 0.5% 0.4% 0.4% 0.2% 0.4% 0.3% 0.3% 0.1% 0.1% 0.1% 3.3% 

11:00 0.2% 0.2% 0.4% 0.4% 0.4% 0.3% 0.4% 0.3% 0.3% 0.2% 0.2% 0.2% 3.4% 

12:00 0.3% 0.3% 0.4% 0.5% 0.4% 0.2% 0.5% 0.3% 0.3% 0.2% 0.2% 0.4% 4.0% 

13:00 0.4% 0.4% 0.6% 0.5% 0.6% 0.3% 0.5% 0.3% 0.3% 0.2% 0.2% 0.5% 4.9% 

14:00 0.4% 0.5% 0.6% 0.6% 0.6% 0.4% 0.5% 0.3% 0.4% 0.2% 0.2% 0.5% 5.2% 

15:00 0.4% 0.5% 0.6% 0.6% 0.7% 0.4% 0.5% 0.3% 0.3% 0.2% 0.2% 0.4% 5.0% 

16:00 0.4% 0.4% 0.5% 0.7% 0.6% 0.4% 0.5% 0.4% 0.3% 0.2% 0.2% 0.4% 5.0% 

17:00 0.4% 0.4% 0.5% 0.6% 0.8% 0.4% 0.5% 0.3% 0.3% 0.2% 0.1% 0.3% 5.0% 

18:00 0.3% 0.4% 0.5% 0.6% 0.7% 0.5% 0.5% 0.3% 0.2% 0.2% 0.2% 0.3% 4.9% 

19:00 0.3% 0.3% 0.5% 0.7% 0.8% 0.4% 0.5% 0.4% 0.2% 0.2% 0.1% 0.2% 4.7% 

20:00 0.2% 0.3% 0.5% 0.7% 0.7% 0.4% 0.6% 0.4% 0.2% 0.2% 0.1% 0.2% 4.5% 

21:00 0.2% 0.3% 0.6% 0.7% 0.7% 0.5% 0.5% 0.4% 0.3% 0.2% 0.1% 0.2% 4.6% 

22:00 0.2% 0.3% 0.6% 0.7% 0.8% 0.4% 0.5% 0.4% 0.3% 0.2% 0.1% 0.1% 4.4% 

23:00 0.2% 0.3% 0.6% 0.6% 0.7% 0.3% 0.5% 0.4% 0.3% 0.2% 0.1% 0.1% 4.2% 

TOTAL 5.3% 6.5% 11.4% 13.6% 14.5% 8.3% 12.4% 8.8% 7.5% 3.9% 3.1% 4.7%  

  

Figure 50: Mean annual power density for short-term measured data between 03/11/2017-20/10/2019 
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Site 3 : Tangbe, Mustang (06/04/2019 – 07/03/2020) 

HOUR/MONTH JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC YEAR 

00:00 0.1% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.2% 

01:00 0.1% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.3% 

02:00 0.1% 0.1% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.3% 

03:00 0.1% 0.1% 0.0% 0.0% 0.1% 0.1% 0.1% 0.1% 0.1% 0.0% 0.0% 0.0% 0.7% 

04:00 0.2% 0.1% 0.0% 0.1% 0.3% 0.4% 0.3% 0.1% 0.2% 0.1% 0.1% 0.0% 1.8% 

05:00 0.2% 0.1% 0.1% 0.4% 0.9% 0.9% 0.7% 0.4% 0.5% 0.4% 0.2% 0.1% 4.7% 

06:00 0.2% 0.1% 0.1% 0.7% 1.6% 1.5% 1.2% 0.9% 1.0% 0.8% 0.6% 0.3% 9.1% 

07:00 0.4% 0.3% 0.2% 1.0% 2.2% 2.0% 1.7% 1.5% 1.4% 1.3% 0.9% 0.5% 13.3% 

08:00 0.5% 0.3% 0.2% 1.2% 2.4% 2.3% 1.9% 1.8% 1.6% 1.4% 1.0% 0.6% 15.2% 

09:00 0.5% 0.4% 0.2% 1.2% 2.3% 2.2% 1.8% 1.7% 1.5% 1.4% 0.9% 0.7% 14.8% 

10:00 0.4% 0.3% 0.2% 1.0% 1.8% 2.0% 1.5% 1.4% 1.2% 1.2% 0.7% 0.5% 12.1% 

11:00 0.2% 0.2% 0.2% 0.7% 1.4% 1.6% 1.1% 1.1% 0.8% 0.8% 0.3% 0.2% 8.6% 

12:00 0.1% 0.1% 0.1% 0.5% 1.0% 1.2% 0.7% 0.7% 0.5% 0.4% 0.2% 0.1% 5.7% 

13:00 0.1% 0.1% 0.1% 0.4% 0.8% 0.8% 0.5% 0.3% 0.3% 0.2% 0.1% 0.0% 3.6% 

14:00 0.1% 0.1% 0.0% 0.2% 0.5% 0.6% 0.4% 0.2% 0.2% 0.1% 0.0% 0.0% 2.6% 

15:00 0.1% 0.1% 0.0% 0.1% 0.3% 0.4% 0.3% 0.2% 0.2% 0.0% 0.0% 0.0% 1.7% 

16:00 0.1% 0.1% 0.0% 0.1% 0.2% 0.3% 0.2% 0.1% 0.1% 0.0% 0.0% 0.0% 1.3% 

17:00 0.1% 0.0% 0.0% 0.1% 0.1% 0.2% 0.2% 0.1% 0.1% 0.0% 0.0% 0.0% 1.0% 

18:00 0.1% 0.0% 0.0% 0.0% 0.1% 0.2% 0.1% 0.1% 0.1% 0.0% 0.0% 0.0% 0.8% 

19:00 0.1% 0.0% 0.0% 0.0% 0.0% 0.2% 0.1% 0.1% 0.1% 0.0% 0.0% 0.0% 0.7% 

20:00 0.1% 0.0% 0.0% 0.0% 0.0% 0.1% 0.1% 0.1% 0.1% 0.0% 0.0% 0.0% 0.5% 

21:00 0.1% 0.0% 0.0% 0.0% 0.0% 0.1% 0.1% 0.0% 0.0% 0.0% 0.0% 0.0% 0.4% 

22:00 0.1% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.3% 

23:00 0.1% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.3% 

TOTAL 4.0% 2.7% 1.4% 7.9% 16.1% 17.1% 13.1% 11.1% 10.0% 8.1% 5.2% 3.4%  

 

 

Figure 51: Mean annual power density for short-term measured data between 06/04/2019-07/03/2020 
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Site 4 : Purungchheda, Dang (02/01/2018 – 01/01/2020) 

HOUR/MONTH JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC YEAR 

00:00 0.1% 0.1% 0.2% 0.3% 0.2% 0.2% 0.3% 0.3% 0.3% 0.1% 0.1% 0.1% 2.5% 

01:00 0.1% 0.2% 0.2% 0.2% 0.2% 0.3% 0.3% 0.3% 0.4% 0.1% 0.1% 0.1% 2.3% 

02:00 0.1% 0.1% 0.1% 0.1% 0.2% 0.3% 0.3% 0.2% 0.4% 0.0% 0.1% 0.1% 2.2% 

03:00 0.2% 0.1% 0.1% 0.2% 0.3% 0.3% 0.3% 0.2% 0.4% 0.0% 0.1% 0.1% 2.4% 

04:00 0.2% 0.2% 0.3% 0.3% 0.4% 0.5% 0.3% 0.2% 0.4% 0.1% 0.1% 0.2% 3.0% 

05:00 0.2% 0.3% 0.5% 0.4% 0.7% 0.6% 0.3% 0.2% 0.4% 0.2% 0.1% 0.2% 4.0% 

06:00 0.3% 0.5% 0.8% 0.7% 1.1% 0.7% 0.3% 0.2% 0.4% 0.3% 0.3% 0.2% 5.6% 

07:00 0.4% 0.7% 1.1% 0.9% 1.5% 0.8% 0.3% 0.2% 0.4% 0.5% 0.4% 0.4% 7.6% 

08:00 0.6% 0.8% 1.4% 1.2% 1.7% 0.8% 0.3% 0.2% 0.4% 0.6% 0.5% 0.5% 8.9% 

09:00 0.7% 0.8% 1.4% 1.3% 1.6% 0.8% 0.3% 0.2% 0.5% 0.6% 0.5% 0.5% 9.1% 

10:00 0.5% 0.8% 1.4% 1.1% 1.5% 0.8% 0.3% 0.2% 0.5% 0.5% 0.4% 0.4% 8.3% 

11:00 0.3% 0.6% 1.4% 0.9% 1.3% 0.7% 0.2% 0.1% 0.4% 0.3% 0.2% 0.3% 6.9% 

12:00 0.2% 0.4% 1.1% 0.7% 1.1% 0.6% 0.2% 0.1% 0.4% 0.2% 0.1% 0.2% 5.4% 

13:00 0.2% 0.3% 0.8% 0.5% 0.8% 0.5% 0.3% 0.2% 0.3% 0.2% 0.1% 0.1% 4.2% 

14:00 0.2% 0.3% 0.6% 0.4% 0.5% 0.3% 0.3% 0.2% 0.3% 0.1% 0.1% 0.2% 3.6% 

15:00 0.2% 0.3% 0.4% 0.3% 0.4% 0.3% 0.3% 0.2% 0.4% 0.1% 0.1% 0.1% 3.1% 

16:00 0.2% 0.2% 0.3% 0.2% 0.3% 0.3% 0.4% 0.2% 0.4% 0.1% 0.1% 0.2% 2.8% 

17:00 0.1% 0.2% 0.2% 0.3% 0.3% 0.3% 0.4% 0.3% 0.4% 0.1% 0.1% 0.2% 2.8% 

18:00 0.2% 0.2% 0.2% 0.2% 0.4% 0.3% 0.4% 0.3% 0.4% 0.1% 0.1% 0.2% 2.9% 

19:00 0.2% 0.2% 0.2% 0.1% 0.2% 0.3% 0.4% 0.3% 0.4% 0.1% 0.1% 0.2% 2.6% 

20:00 0.2% 0.1% 0.2% 0.1% 0.2% 0.3% 0.4% 0.3% 0.4% 0.1% 0.1% 0.1% 2.4% 

21:00 0.2% 0.2% 0.2% 0.1% 0.3% 0.3% 0.4% 0.3% 0.4% 0.1% 0.1% 0.1% 2.6% 

22:00 0.1% 0.2% 0.2% 0.1% 0.3% 0.3% 0.4% 0.3% 0.3% 0.1% 0.1% 0.1% 2.4% 

23:00 0.1% 0.2% 0.2% 0.2% 0.2% 0.3% 0.4% 0.3% 0.3% 0.1% 0.1% 0.2% 2.4% 

TOTAL 5.9% 7.9% 13.4% 10.7% 15.7% 10.7% 7.6% 5.3% 9.5% 4.4% 3.7% 5.0%  
 

 
Figure 52: Mean annual power density for short-term measured data between 02/01/2018 – 01/01/2020 
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Site 5: Khajura, Banke (29/11/2017 – 28/11/2019) 

HOUR/MONTH JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC YEAR 

00:00 0.1% 0.1% 0.2% 0.3% 0.2% 0.2% 0.3% 0.3% 0.3% 0.1% 0.1% 0.1% 2.5% 

01:00 0.1% 0.2% 0.2% 0.2% 0.2% 0.3% 0.3% 0.3% 0.4% 0.1% 0.1% 0.1% 2.3% 

02:00 0.1% 0.1% 0.1% 0.1% 0.2% 0.3% 0.3% 0.2% 0.4% 0.0% 0.1% 0.1% 2.2% 

03:00 0.2% 0.1% 0.1% 0.2% 0.3% 0.3% 0.3% 0.2% 0.4% 0.0% 0.1% 0.1% 2.4% 

04:00 0.2% 0.2% 0.3% 0.3% 0.4% 0.5% 0.3% 0.2% 0.4% 0.1% 0.1% 0.2% 3.0% 

05:00 0.2% 0.3% 0.5% 0.4% 0.7% 0.6% 0.3% 0.2% 0.4% 0.2% 0.1% 0.2% 4.0% 

06:00 0.3% 0.5% 0.8% 0.7% 1.1% 0.7% 0.3% 0.2% 0.4% 0.3% 0.3% 0.2% 5.6% 

07:00 0.4% 0.7% 1.1% 0.9% 1.5% 0.8% 0.3% 0.2% 0.4% 0.5% 0.4% 0.4% 7.6% 

08:00 0.6% 0.8% 1.4% 1.2% 1.7% 0.8% 0.3% 0.2% 0.4% 0.6% 0.5% 0.5% 8.9% 

09:00 0.7% 0.8% 1.4% 1.3% 1.6% 0.8% 0.3% 0.2% 0.5% 0.6% 0.5% 0.5% 9.1% 

10:00 0.5% 0.8% 1.4% 1.1% 1.5% 0.8% 0.3% 0.2% 0.5% 0.5% 0.4% 0.4% 8.3% 

11:00 0.3% 0.6% 1.4% 0.9% 1.3% 0.7% 0.2% 0.1% 0.4% 0.3% 0.2% 0.3% 6.9% 

12:00 0.2% 0.4% 1.1% 0.7% 1.1% 0.6% 0.2% 0.1% 0.4% 0.2% 0.1% 0.2% 5.4% 

13:00 0.2% 0.3% 0.8% 0.5% 0.8% 0.5% 0.3% 0.2% 0.3% 0.2% 0.1% 0.1% 4.2% 

14:00 0.2% 0.3% 0.6% 0.4% 0.5% 0.3% 0.3% 0.2% 0.3% 0.1% 0.1% 0.2% 3.6% 

15:00 0.2% 0.3% 0.4% 0.3% 0.4% 0.3% 0.3% 0.2% 0.4% 0.1% 0.1% 0.1% 3.1% 

16:00 0.2% 0.2% 0.3% 0.2% 0.3% 0.3% 0.4% 0.2% 0.4% 0.1% 0.1% 0.2% 2.8% 

17:00 0.1% 0.2% 0.2% 0.3% 0.3% 0.3% 0.4% 0.3% 0.4% 0.1% 0.1% 0.2% 2.8% 

18:00 0.2% 0.2% 0.2% 0.2% 0.4% 0.3% 0.4% 0.3% 0.4% 0.1% 0.1% 0.2% 2.9% 

19:00 0.2% 0.2% 0.2% 0.1% 0.2% 0.3% 0.4% 0.3% 0.4% 0.1% 0.1% 0.2% 2.6% 

20:00 0.2% 0.1% 0.2% 0.1% 0.2% 0.3% 0.4% 0.3% 0.4% 0.1% 0.1% 0.1% 2.4% 

21:00 0.2% 0.2% 0.2% 0.1% 0.3% 0.3% 0.4% 0.3% 0.4% 0.1% 0.1% 0.1% 2.6% 

22:00 0.1% 0.2% 0.2% 0.1% 0.3% 0.3% 0.4% 0.3% 0.3% 0.1% 0.1% 0.1% 2.4% 

23:00 0.1% 0.2% 0.2% 0.2% 0.2% 0.3% 0.4% 0.3% 0.3% 0.1% 0.1% 0.2% 2.4% 

TOTAL 5.9% 7.9% 13.4% 10.7% 15.7% 10.7% 7.6% 5.3% 9.5% 4.4% 3.7% 5.0%  

 

Figure 53:Mean annual power density for short-term measured data between 29/11/2017 – 28/11/2019  
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Site 6: Kagbeni, Mustang (06/12/2019 – 09/07/2020) 

HOUR/MONTH JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC YEAR 

00:00 0.1% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.3% 

01:00 0.1% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.3% 

02:00 0.1% 0.1% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.3% 

03:00 0.1% 0.1% 0.0% 0.0% 0.1% 0.1% 0.1% 0.0% 0.1% 0.0% 0.0% 0.1% 0.7% 

04:00 0.2% 0.1% 0.0% 0.1% 0.4% 0.4% 0.2% 0.1% 0.2% 0.1% 0.0% 0.1% 1.9% 

05:00 0.2% 0.1% 0.0% 0.4% 1.1% 1.1% 0.6% 0.4% 0.4% 0.5% 0.2% 0.1% 5.3% 

06:00 0.3% 0.2% 0.1% 0.8% 1.9% 1.8% 1.3% 0.8% 0.9% 1.1% 0.5% 0.4% 10.1% 

07:00 0.4% 0.4% 0.2% 1.3% 2.2% 2.1% 1.8% 1.3% 1.2% 1.5% 0.8% 0.5% 13.8% 

08:00 0.6% 0.4% 0.2% 1.5% 2.2% 2.4% 1.9% 1.6% 1.4% 1.7% 0.9% 0.7% 15.4% 

09:00 0.6% 0.4% 0.1% 1.4% 2.0% 2.4% 1.9% 1.6% 1.3% 1.6% 0.8% 0.7% 15.0% 

10:00 0.5% 0.4% 0.1% 1.2% 1.6% 2.2% 1.6% 1.3% 1.1% 1.3% 0.6% 0.6% 12.3% 

11:00 0.3% 0.2% 0.1% 0.8% 1.3% 1.6% 1.2% 1.0% 0.7% 0.9% 0.3% 0.3% 8.8% 

12:00 0.3% 0.1% 0.1% 0.4% 0.9% 1.0% 0.8% 0.6% 0.4% 0.4% 0.2% 0.2% 5.4% 

13:00 0.2% 0.1% 0.0% 0.3% 0.4% 0.6% 0.4% 0.3% 0.3% 0.2% 0.1% 0.1% 2.9% 

14:00 0.2% 0.1% 0.0% 0.1% 0.3% 0.4% 0.3% 0.2% 0.2% 0.1% 0.0% 0.0% 1.9% 

15:00 0.2% 0.1% 0.0% 0.1% 0.1% 0.2% 0.2% 0.2% 0.1% 0.0% 0.0% 0.0% 1.3% 

16:00 0.1% 0.1% 0.0% 0.0% 0.1% 0.2% 0.1% 0.1% 0.1% 0.0% 0.0% 0.0% 0.9% 

17:00 0.1% 0.0% 0.0% 0.0% 0.1% 0.1% 0.1% 0.1% 0.1% 0.0% 0.0% 0.0% 0.7% 

18:00 0.1% 0.0% 0.0% 0.0% 0.0% 0.1% 0.1% 0.1% 0.1% 0.0% 0.0% 0.0% 0.6% 

19:00 0.1% 0.0% 0.0% 0.0% 0.0% 0.1% 0.1% 0.1% 0.1% 0.0% 0.0% 0.0% 0.6% 

20:00 0.1% 0.0% 0.0% 0.0% 0.0% 0.1% 0.0% 0.0% 0.1% 0.0% 0.0% 0.1% 0.4% 

21:00 0.1% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.4% 

22:00 0.1% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.1% 0.3% 

23:00 0.1% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.3% 

TOTAL 5.3% 2.9% 0.9% 8.6% 14.7% 17.2% 12.9% 10.0% 9.0% 9.6% 4.7% 4.3%  

 

Figure 54:Mean annual power density for short-term measured data between 06/12/2019 – 09/07/2020 
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Site 7: Dangibada, Jumla (25/08/2018-24/08/2019) 

HOUR/MONTH JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC YEAR 

00:00 0.0% 0.0% 0.2% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.1% 0.1% 0.6% 

01:00 0.1% 0.1% 0.1% 0.0% 0.1% 0.0% 0.0% 0.0% 0.0% 0.0% 0.1% 0.0% 0.5% 

02:00 0.0% 0.1% 0.1% 0.0% 0.1% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.5% 

03:00 0.0% 0.1% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.4% 

04:00 0.0% 0.1% 0.0% 0.1% 0.1% 0.3% 0.2% 0.1% 0.1% 0.0% 0.0% 0.0% 1.1% 

05:00 0.0% 0.0% 0.1% 0.4% 0.6% 0.7% 0.8% 0.8% 0.7% 0.3% 0.1% 0.0% 4.7% 

06:00 0.1% 0.1% 0.6% 1.1% 1.5% 1.3% 1.2% 1.3% 1.3% 1.2% 0.5% 0.4% 10.5% 

07:00 0.4% 0.3% 1.1% 1.4% 1.6% 1.3% 1.3% 1.4% 1.3% 1.9% 1.1% 0.9% 13.8% 

08:00 0.7% 0.4% 1.4% 1.6% 1.8% 1.2% 1.1% 1.3% 1.3% 1.8% 1.3% 1.3% 15.3% 

09:00 0.9% 0.4% 1.8% 1.5% 2.0% 1.3% 1.0% 1.0% 1.1% 1.5% 1.4% 1.4% 15.3% 

10:00 0.9% 0.5% 1.4% 1.6% 1.7% 1.0% 0.8% 0.9% 0.8% 1.2% 1.0% 1.1% 13.0% 

11:00 0.6% 0.6% 1.0% 1.0% 1.1% 0.9% 0.5% 0.6% 0.5% 0.8% 0.7% 0.7% 9.0% 

12:00 0.3% 0.2% 0.4% 0.5% 0.8% 0.7% 0.4% 0.4% 0.3% 0.4% 0.4% 0.4% 5.4% 

13:00 0.1% 0.1% 0.3% 0.2% 0.3% 0.5% 0.3% 0.2% 0.2% 0.2% 0.1% 0.1% 2.7% 

14:00 0.0% 0.1% 0.1% 0.2% 0.2% 0.3% 0.2% 0.1% 0.2% 0.0% 0.0% 0.0% 1.5% 

15:00 0.0% 0.1% 0.1% 0.1% 0.2% 0.1% 0.1% 0.1% 0.1% 0.0% 0.0% 0.0% 0.9% 

16:00 0.0% 0.1% 0.1% 0.1% 0.1% 0.1% 0.1% 0.1% 0.0% 0.0% 0.0% 0.0% 0.7% 

17:00 0.0% 0.1% 0.1% 0.1% 0.1% 0.0% 0.1% 0.1% 0.0% 0.0% 0.0% 0.0% 0.6% 

18:00 0.1% 0.1% 0.1% 0.1% 0.0% 0.2% 0.0% 0.1% 0.0% 0.0% 0.0% 0.0% 0.7% 

19:00 0.1% 0.1% 0.1% 0.1% 0.0% 0.0% 0.1% 0.1% 0.0% 0.0% 0.0% 0.0% 0.6% 

20:00 0.1% 0.1% 0.1% 0.1% 0.0% 0.0% 0.1% 0.0% 0.0% 0.0% 0.0% 0.0% 0.6% 

21:00 0.0% 0.0% 0.1% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.1% 0.0% 0.6% 

22:00 0.0% 0.1% 0.1% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.1% 0.0% 0.5% 

23:00 0.0% 0.1% 0.2% 0.0% 0.1% 0.0% 0.0% 0.0% 0.0% 0.0% 0.1% 0.1% 0.7% 

TOTAL 4.6% 3.7% 9.5% 10.3% 12.5% 10.2% 8.4% 9.1% 8.4% 9.6% 7.0% 6.8% 

Figure 55:Mean annual power density for short-term measured data between 25/08/2018 – 24/08/2019 
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Site 8: Koilabas, Dang (28/04/2018-27/04/2020) 

HOUR/MONTH JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC YEAR 

00:00 0.4% 0.7% 0.6% 0.6% 0.7% 0.3% 0.3% 0.3% 0.3% 0.4% 0.5% 0.6% 5.7% 

01:00 0.4% 0.6% 0.6% 0.5% 0.6% 0.4% 0.3% 0.3% 0.3% 0.3% 0.4% 0.5% 5.2% 

02:00 0.3% 0.5% 0.4% 0.5% 0.5% 0.4% 0.3% 0.3% 0.3% 0.2% 0.3% 0.3% 4.2% 

03:00 0.1% 0.3% 0.3% 0.5% 0.5% 0.4% 0.3% 0.3% 0.3% 0.1% 0.1% 0.2% 3.3% 

04:00 0.1% 0.3% 0.2% 0.4% 0.4% 0.4% 0.4% 0.3% 0.3% 0.1% 0.1% 0.1% 3.2% 

05:00 0.1% 0.2% 0.2% 0.3% 0.3% 0.4% 0.5% 0.3% 0.3% 0.1% 0.1% 0.1% 2.9% 

06:00 0.1% 0.2% 0.3% 0.3% 0.3% 0.5% 0.4% 0.3% 0.3% 0.1% 0.1% 0.1% 3.1% 

07:00 0.2% 0.3% 0.4% 0.3% 0.3% 0.4% 0.4% 0.3% 0.3% 0.1% 0.2% 0.1% 3.3% 

08:00 0.2% 0.3% 0.5% 0.4% 0.4% 0.4% 0.3% 0.2% 0.3% 0.1% 0.2% 0.1% 3.6% 

09:00 0.2% 0.3% 0.6% 0.5% 0.5% 0.5% 0.3% 0.2% 0.3% 0.1% 0.1% 0.1% 3.8% 

10:00 0.2% 0.3% 0.7% 0.5% 0.6% 0.5% 0.3% 0.2% 0.2% 0.1% 0.1% 0.1% 3.8% 

11:00 0.1% 0.2% 0.6% 0.5% 0.6% 0.4% 0.2% 0.2% 0.1% 0.1% 0.1% 0.1% 3.2% 

12:00 0.2% 0.2% 0.3% 0.3% 0.4% 0.3% 0.2% 0.1% 0.1% 0.1% 0.1% 0.1% 2.6% 

13:00 0.3% 0.2% 0.4% 0.3% 0.4% 0.3% 0.2% 0.1% 0.2% 0.2% 0.2% 0.1% 2.8% 

14:00 0.2% 0.3% 0.4% 0.4% 0.4% 0.3% 0.3% 0.1% 0.2% 0.2% 0.2% 0.2% 3.2% 

15:00 0.3% 0.4% 0.4% 0.5% 0.4% 0.3% 0.3% 0.2% 0.2% 0.2% 0.3% 0.2% 3.6% 

16:00 0.3% 0.4% 0.4% 0.5% 0.5% 0.4% 0.3% 0.2% 0.2% 0.3% 0.3% 0.3% 4.1% 

17:00 0.3% 0.4% 0.4% 0.6% 0.6% 0.4% 0.3% 0.2% 0.3% 0.3% 0.4% 0.3% 4.5% 

18:00 0.4% 0.4% 0.6% 0.5% 0.7% 0.5% 0.3% 0.2% 0.3% 0.3% 0.4% 0.4% 5.0% 

19:00 0.4% 0.5% 0.7% 0.6% 0.7% 0.4% 0.3% 0.2% 0.3% 0.4% 0.4% 0.4% 5.3% 

20:00 0.5% 0.5% 0.8% 0.7% 0.6% 0.4% 0.3% 0.2% 0.3% 0.4% 0.5% 0.5% 5.5% 

21:00 0.5% 0.6% 0.8% 0.8% 0.6% 0.4% 0.3% 0.2% 0.3% 0.4% 0.5% 0.5% 6.0% 

22:00 0.5% 0.8% 0.8% 0.7% 0.7% 0.5% 0.3% 0.2% 0.3% 0.4% 0.6% 0.6% 6.3% 

23:00 0.5% 0.8% 0.7% 0.6% 0.6% 0.4% 0.3% 0.2% 0.3% 0.3% 0.5% 0.6% 5.9% 

TOTAL 6.8% 9.6% 11.9% 12.1% 12.4% 9.5% 7.3% 5.4% 6.3% 5.3% 6.7% 6.8%  

 

Figure 56:Mean annual power density for short-term measured data between 28/04/2018 – 27/04/2020  
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Site 9: Saptami, Miklajung (06/12/2019-09/07/2020) 

HOUR/MONTH JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC YEAR 

00:00 0.5% 0.4% 0.4% 0.5% 0.6% 0.7% 0.2% 0.0% 0.0% 0.0% 0.0% 0.3% 3.5% 

01:00 0.4% 0.4% 0.2% 0.3% 0.5% 0.7% 0.3% 0.0% 0.0% 0.0% 0.0% 0.3% 3.1% 

02:00 0.4% 0.3% 0.2% 0.4% 0.4% 0.8% 0.2% 0.0% 0.0% 0.0% 0.0% 0.3% 3.0% 

03:00 0.4% 0.4% 0.2% 0.5% 0.4% 0.9% 0.3% 0.0% 0.0% 0.0% 0.0% 0.4% 3.4% 

04:00 0.4% 0.4% 0.2% 0.6% 0.4% 1.1% 0.2% 0.0% 0.0% 0.0% 0.0% 0.4% 3.8% 

05:00 0.3% 0.4% 0.3% 0.7% 0.5% 1.3% 0.3% 0.0% 0.0% 0.0% 0.0% 0.3% 4.1% 

06:00 0.3% 0.4% 0.5% 0.8% 0.5% 1.2% 0.3% 0.0% 0.0% 0.0% 0.0% 0.3% 4.4% 

07:00 0.4% 0.4% 0.4% 0.8% 0.5% 1.2% 0.3% 0.0% 0.0% 0.0% 0.0% 0.2% 4.4% 

08:00 0.5% 0.4% 0.4% 0.7% 0.7% 1.4% 0.3% 0.0% 0.0% 0.0% 0.0% 0.2% 4.5% 

09:00 0.4% 0.3% 0.3% 0.8% 0.6% 1.3% 0.3% 0.0% 0.0% 0.0% 0.0% 0.1% 4.2% 

10:00 0.3% 0.3% 0.3% 1.0% 0.6% 1.4% 0.2% 0.0% 0.0% 0.0% 0.0% 0.1% 4.2% 

11:00 0.3% 0.2% 0.3% 1.0% 0.7% 1.5% 0.3% 0.0% 0.0% 0.0% 0.0% 0.2% 4.5% 

12:00 0.2% 0.2% 0.3% 0.8% 0.8% 1.7% 0.4% 0.0% 0.0% 0.0% 0.0% 0.1% 4.6% 

13:00 0.2% 0.2% 0.3% 0.7% 0.9% 1.9% 0.5% 0.0% 0.0% 0.0% 0.0% 0.1% 4.8% 

14:00 0.3% 0.2% 0.3% 0.7% 0.8% 1.9% 0.7% 0.0% 0.0% 0.0% 0.0% 0.2% 5.1% 

15:00 0.3% 0.2% 0.3% 0.7% 0.6% 1.9% 0.7% 0.0% 0.0% 0.0% 0.0% 0.2% 4.9% 

16:00 0.3% 0.2% 0.3% 0.6% 0.6% 1.7% 0.6% 0.0% 0.0% 0.0% 0.0% 0.3% 4.6% 

17:00 0.3% 0.2% 0.3% 0.5% 0.9% 1.6% 0.8% 0.0% 0.0% 0.0% 0.0% 0.3% 5.0% 

18:00 0.4% 0.2% 0.3% 0.7% 1.0% 1.2% 0.6% 0.0% 0.0% 0.0% 0.0% 0.3% 4.7% 

19:00 0.4% 0.3% 0.4% 0.7% 0.7% 0.9% 0.3% 0.0% 0.0% 0.0% 0.0% 0.3% 4.1% 

20:00 0.4% 0.2% 0.4% 0.7% 0.8% 0.9% 0.3% 0.0% 0.0% 0.0% 0.0% 0.3% 3.9% 

21:00 0.4% 0.2% 0.5% 0.8% 0.7% 0.9% 0.2% 0.0% 0.0% 0.0% 0.0% 0.3% 3.9% 

22:00 0.4% 0.2% 0.4% 0.5% 0.6% 0.8% 0.2% 0.0% 0.0% 0.0% 0.0% 0.4% 3.6% 

23:00 0.4% 0.3% 0.5% 0.5% 0.7% 0.9% 0.2% 0.0% 0.0% 0.0% 0.0% 0.4% 3.8% 

TOTAL 8.6% 6.7% 8.1% 15.9% 15.6% 29.9% 8.7% 0.0% 0.0% 0.0% 0.0% 6.4%  

 

Figure 57:Mean annual power density for short-term measured data between 06/12/2019 – 09/07/2020  

(Graphs for some of the months couldn’t be created due to no measurement) 
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Site 10: Birtabesi, Ramechhap (05/12/2018-04/12/2019) 

HOUR/MONTH JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC YEAR 

00:00 0.4% 0.7% 0.6% 0.6% 0.7% 0.3% 0.3% 0.3% 0.3% 0.4% 0.5% 0.6% 5.7% 

01:00 0.4% 0.6% 0.6% 0.5% 0.6% 0.4% 0.3% 0.3% 0.3% 0.3% 0.4% 0.5% 5.2% 

02:00 0.3% 0.5% 0.4% 0.5% 0.5% 0.4% 0.3% 0.3% 0.3% 0.2% 0.3% 0.3% 4.2% 

03:00 0.1% 0.3% 0.3% 0.5% 0.5% 0.4% 0.3% 0.3% 0.3% 0.1% 0.1% 0.2% 3.3% 

04:00 0.1% 0.3% 0.2% 0.4% 0.4% 0.4% 0.4% 0.3% 0.3% 0.1% 0.1% 0.1% 3.2% 

05:00 0.1% 0.2% 0.2% 0.3% 0.3% 0.4% 0.5% 0.3% 0.3% 0.1% 0.1% 0.1% 2.9% 

06:00 0.1% 0.2% 0.3% 0.3% 0.3% 0.5% 0.4% 0.3% 0.3% 0.1% 0.1% 0.1% 3.1% 

07:00 0.2% 0.3% 0.4% 0.3% 0.3% 0.4% 0.4% 0.3% 0.3% 0.1% 0.2% 0.1% 3.3% 

08:00 0.2% 0.3% 0.5% 0.4% 0.4% 0.4% 0.3% 0.2% 0.3% 0.1% 0.2% 0.1% 3.6% 

09:00 0.2% 0.3% 0.6% 0.5% 0.5% 0.5% 0.3% 0.2% 0.3% 0.1% 0.1% 0.1% 3.8% 

10:00 0.2% 0.3% 0.7% 0.5% 0.6% 0.5% 0.3% 0.2% 0.2% 0.1% 0.1% 0.1% 3.8% 

11:00 0.1% 0.2% 0.6% 0.5% 0.6% 0.4% 0.2% 0.2% 0.1% 0.1% 0.1% 0.1% 3.2% 

12:00 0.2% 0.2% 0.3% 0.3% 0.4% 0.3% 0.2% 0.1% 0.1% 0.1% 0.1% 0.1% 2.6% 

13:00 0.3% 0.2% 0.4% 0.3% 0.4% 0.3% 0.2% 0.1% 0.2% 0.2% 0.2% 0.1% 2.8% 

14:00 0.2% 0.3% 0.4% 0.4% 0.4% 0.3% 0.3% 0.1% 0.2% 0.2% 0.2% 0.2% 3.2% 

15:00 0.3% 0.4% 0.4% 0.5% 0.4% 0.3% 0.3% 0.2% 0.2% 0.2% 0.3% 0.2% 3.6% 

16:00 0.3% 0.4% 0.4% 0.5% 0.5% 0.4% 0.3% 0.2% 0.2% 0.3% 0.3% 0.3% 4.1% 

17:00 0.3% 0.4% 0.4% 0.6% 0.6% 0.4% 0.3% 0.2% 0.3% 0.3% 0.4% 0.3% 4.5% 

18:00 0.4% 0.4% 0.6% 0.5% 0.7% 0.5% 0.3% 0.2% 0.3% 0.3% 0.4% 0.4% 5.0% 

19:00 0.4% 0.5% 0.7% 0.6% 0.7% 0.4% 0.3% 0.2% 0.3% 0.4% 0.4% 0.4% 5.3% 

20:00 0.5% 0.5% 0.8% 0.7% 0.6% 0.4% 0.3% 0.2% 0.3% 0.4% 0.5% 0.5% 5.5% 

21:00 0.5% 0.6% 0.8% 0.8% 0.6% 0.4% 0.3% 0.2% 0.3% 0.4% 0.5% 0.5% 6.0% 

22:00 0.5% 0.8% 0.8% 0.7% 0.7% 0.5% 0.3% 0.2% 0.3% 0.4% 0.6% 0.6% 6.3% 

23:00 0.5% 0.8% 0.7% 0.6% 0.6% 0.4% 0.3% 0.2% 0.3% 0.3% 0.5% 0.6% 5.9% 

TOTAL 6.8% 9.6% 11.9% 12.1% 12.4% 9.5% 7.3% 5.4% 6.3% 5.3% 6.7% 6.8%  

 

Figure 58:Mean annual power density for short-term measured data between 05/12/2018 –04/12/2019  
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ANNEX I LONG-TERM CORRELATION COEFFICIENTS 

Site 1: Sitapur, Siraha 

Type Name Timeshift 
r (all 

data) 

r (monthly 

averages) 
Selected LT period 

Concurrent 

period 
Time resolution Data availability 

ERA5 ERA5_N26.56_E86.10 0h 0.722 0.964 
01/01/2000 – 

31/12/2019 
1.96 1.00 100 

ERA5 ERA5_N26.56_E86.40 0h 0.744 0.97 
01/01/2000 – 

31/12/2019 
1.96 1.00 100 

ERA5 ERA5_N26.56_E86.70 0h 0.749 0.961 
01/01/2000 – 

31/12/2019 
1.96 1.00 100 

ERA5 ERA5_N26.84_E86.40 -1h 0.669 0.953 
01/01/2000 – 

31/12/2019 
1.96 1.00 100 

MERRA2 MERRA2_N26.50_E86.25 -1h 0.559 0.852 
30/09/1999 – 

01/11/2019 
1.96 3.00 96.34 

MERRA2 MERRA2_N26.50_E86.87 -1h 0.547 0.835 
01/02/2000 – 

31/01/2020 
1.96 1.00 100 

MERRA2 MERRA2_N27.00_E86.25 -2h 0.437 0.76 
01/02/2000 – 

31/01/2020 
1.96 1.00 100 

MERRA2 MERRA2_N27.000_E86.875 -3h 0.323 0.758 
01/02/2000 – 

31/01/2020 
1.96 1.00 100 

*SYNOP 
PATNA_SYNOP_42-

492_N25.600_E85.100 
-2h 0.397 0.907 

01/02/2000 – 

31/01/2020 
1.96 1.00 100 

* Discarded from further analysis despite good correlation due to their inconsistent behavior over time 
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Site 2 : Pidari, Morang 

Type Name Timeshift 
r (all 

data) 

r (monthly 

averages) 
Selected LT period 

Concurrent 

period 
Time resolution Data availability 

ERA5 ERA5CDS_N26.25_E87.50 0h 0.697 0.928 
01/04/2000 – 

31/03/2020 
2.19 1.00 100 

ERA5 ERA5CDS_N26.25_E87.75 0h 0.696 0.929 
01/04/2000 – 

31/03/2020 
2.19 1.00 100 

ERA5 ERA5CDS_N26.50_E87.50 0h 0.678 0.880 
01/04/2000 – 

31/03/2020 
2.19 1.00 100 

ERA5 ERA5CDS_N26.50_E87.75 -1h 0.666 0.892 
01/04/2000 – 

31/03/2020 
2.19 1.00 100 

MERRA2 MERRA2_N26.00_E87.50 +3h 0.500 0.802 
01/04/2000 – 

31/03/2020 
2.19 1.00 100 

MERRA2 MERRA2_N26.00_E88.12 0h 0.492 0.769 
01/04/2000 – 

31/03/2020 
2.19 1.00 100 

MERRA2 MERRA2_N26.50_E87.50 -1h 0.469 0.795 
01/04/2000 – 

31/03/2020 
2.19 1.00 100 

MERRA2 MERRA2_N26.50_E88.12 -2h 0.419 0.761 
01/04/2000 – 

31/03/2020 
2.19 1.00 100 
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Site 4 : Purungchheda, Dang 

Type Name Timeshift 
r (all 

data) 

r (monthly 

averages) 
Selected LT period 

Concurrent 

period 
Time resolution Data availability 

ERA5 ERA5CDS_N28.00_E82.50 0h 0.624 0.901 
2000-03-01 –  

2020-02-29 
2.24 1.00 100 

ERA5 ERA5CDS_N28.00_E82.75 0h 0.664 0.895 
2000-03-01 –  

2020-02-29 
2.24 1.00 100 

ERA5 ERA5CDS_N28.25_E82.50 0h 0.606 0.779 
2000-03-01 –  

2020-02-29 
2.24 1.00 100 

ERA5 ERA5CDS_N28.25_E82.75 -1h 0.648 0.833 
2000-03-01 –  

2020-02-29 
2.24 1.00 100 

MERRA2 MERRA2_N27.50_E82.50 +3h 0.381 0.879 
2000-02-01 –  

2020-01-31 
2.3 1.00 100 

MERRA2 MERRA2_N28.00_E82.50 0h 0.573 0.936 
2000-02-01 –  

2020-01-31 
2.3 1.00 100 

MERRA2 MERRA2_N28.00_E83.125 -1h 0.601 0.881 
2000-02-01 –  

2020-01-31 
2.3 1.00 100 

MERRA2 MERRA2_N28.50_E82.50 -2h 0.497 0.925 
2000-02-01 –  

2020-01-31 
2.3 1.00 100 
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Site 5: Khajura, Banke 

Type Name Timeshift 
r (all 

data) 

r (monthly 

averages) 
Selected LT period 

Concurrent 

period 
Time resolution Data availability 

ERA5 ERA5CDS_N28.00_E81.50 0h 0.517 0.886 
2000-04-01 –  

2020-03-31 
2.43 1 100 

ERA5 ERA5CDS_N28.00_E81.75 0h 0.522 0.908 
2000-04-01 –  

2020-03-31 
2.43 1 100 

ERA5 ERA5CDS_N28.25_E81.50 0h 0.489 0.913 
2000-04-01 –  

2020-03-31 
2.43 1 100 

ERA5 ERA5CDS_N28.25_E81.75 -1h 0.43 0.883 
2000-04-01 –  

2020-03-31 
2.43 1 100 

MERRA2 MERRA2_N28.00_E81.25 -1h 0.427 0.76 
2000-04-01 –  

2020-03-31 
2.43 1 100 

MERRA2 MERRA2_N28.00_E81.875 -2h 0.424 0.799 
2000-04-01 –  

2020-03-31 
2.43 1 100 

MERRA2 MERRA2_N28.50_E81.25 -2h 0.401 0.876 
2000-04-01 –  

2020-03-31 
2.43 1 100 

MERRA2 MERRA2_N28.50_E81.875 -3h 0.265 0.848 
2000-04-01 –  

2020-03-31 
2.43 1 100 
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Site 6: Kagbeni, Mustang 

Type Name Timeshift 
r (all 

data) 

r (monthly 

averages) 
Selected LT period 

Concurrent 

period 
Time resolution Data availability 

MERRA2 MERRA2_N29.000_E083.125 -2h 0.695 0.058 
01/07/2000 - 

30/06/2020 
0.92 1 100 

ERA5 ERA5CDS_N28.75_E083.75 -1h 0.603 0.168 
16/07/2000 - 

15/07/2020 
0.92 1 100 

ERA5 ERA5CDS_N28.75_E084.00 -1h 0.517 -0.241 
16/07/2000 - 

15/07/2020 
0.92 1 100 

ERA5 ERA5CDS_N29.00_E083.75 0h 0.623 0.11 
16/07/2000 - 

15/07/2020 
0.92 1 100 

ERA5 ERA5CDS_N29.00_E084.00 0h 0.622 0.05 
16/07/2000 - 

15/07/2020 
0.92 1 100 

MERRA2 MERRA2_N28.500_E083.750 -1h 0.634 0.532 
01/07/2000 - 

30/06/2020 
0.92 1 100 

MERRA2 MERRA2_N29.000_E083.750 -1h 0.556 -0.488 
01/07/2000 - 

30/06/2020 
0.92 1 100 

MERRA2 MERRA2_N29.000_E084.375 -1h 0.525 -0.505 
01/07/2000 - 

30/06/2020 
0.92 1 100 

 

 

As defined in the section 10.2 long term extrapolation cannot be done due to none of the combination’s Pearson correlation coefficient value exceeds the 

threshold value. 
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Site 7: Dangibada, Jumla 

Type Name Timeshift 
r (all 

data) 

r (monthly 

averages) 
Selected LT period 

Concurrent 

period 
Time resolution Data availability 

ERA5 ERA5CDS_N29.00_E082.00 -1h 0.620 0.107 
2000-07-16 –  

2020-07-15 
1 1 100 

ERA5 ERA5CDS_N29.25_E082.00  0h 0.467 -0.074 
2000-07-16 –  

2020-07-15 
1 1 100 

ERA5 ERA5CDS_N29.25_E082.25 -1h 0.430 -0.582 
2000-07-16 –  

2020-07-15 
1 1 100 

ERA5 ERA5CDS_N29.50_E082.00  0h 0.352 0.177 
2000-07-16 –  

2020-07-15 
1 1 100 

MERRA2 MERRA2_N29.000_E081.875 -2h 0.563 0.417 
2000-07-16 –  

2020-07-15 
1 1 100 

MERRA2 MERRA2_N29.000_E082.500 -2h 0.561 0.146 
2000-07-16 –  

2020-07-15 
1 1 100 

MERRA2 MERRA2_N29.500_E081.875 -1h 0.607 0.017 
2000-07-16 –  

2020-07-15 
1 1 100 

MERRA2 MERRA2_N29.500_E082.500 -2h 0.530 -0.405 
2000-07-16 –  

2020-07-15 
1 1 100 

 

 

As defined in the section 11.2 long term extrapolation cannot be done due to none of the combination’s Pearson correlation coefficient value exceeds the 

threshold value. 
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Site 8: Koilabas, Dang 

Type Name Timeshift 
r (all 

data) 

r (monthly 

averages) 
Selected LT period 

Concurrent 

period 
Time resolution Data availability 

ERA5 ERA5CDS_N27.50_E82.50 -1h 0.448 0.732 
01/05/2000 – 

30/04/2020 
2.01 1 100 

ERA5 ERA5CDS_N27.75_E82.25 -1h 0.422 0.777 
01/05/2000 – 

30/04/2020 
2.01 1 100 

ERA5 ERA5CDS_N27.75_E82.50 -1h 0.401 0.767 
01/05/2000 – 

30/04/2020 
2.01 1 100 

ERA5 ERA5CDS_N27.75_E82.75 -1h 0.372 0.77 
01/05/2000 – 

30/04/2020 
2.01 1 100 

MERRA2 MERRA2_N27.500_E81.875 -2h 0.38 0.733 
01/06/2000 – 

31/05/2020 
2.02 1 100 

MERRA2 MERRA2_N27.500_E82.500 -2h 0.398 0.701 
01/06/2000 – 

31/05/2020 
2.02 1 100 

MERRA2 MERRA2_N27.500_E83.125 -2h 0.398 0.723 
01/06/2000 – 

31/05/2020 
2.02 1 100 

MERRA2 MERRA2_N28.000_E82.500 -1h 0.25 0.612 
01/06/2000 – 

31/05/2020 
2.02 1 100 
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Site 9: Saptami, Miklajung 

Type Name Timeshift 
r (all 

data) 

r (monthly 

averages) 
Selected LT period 

Concurrent 

period 
Time resolution Data availability 

MERRA2 MERRA2_N27.000_E087.500 -1h 0.214 0.8 
01/07/2000 - 

30/06/2020 
1.57 1.00 100 

MERRA2 MERRA2_N27.500_E087.500 -1h 0.144 0.813 
01/07/2000 - 

30/06/2020 
1.57 1.00 100 

MERRA2 MERRA2_N26.500_E087.500 +3h 0.187 0.613 
01/07/2000 - 

30/06/2020 
1.73 1 100 

MERRA2 MERRA2_N27.000_E088.125 0h 0.177 0.666 
01/07/2000 - 

30/06/2020 
1.73 1 100 

ERA5 ERA5CDS_N26.75_E087.50 +2h 0.272 0.795 
16/07/2000 - 

15/07/2020 
1.75 1 100 

ERA5 ERA5CDS_N26.75_E087.75 +2h 0.287 0.807 
16/07/2000 - 

15/07/2020 
1.75 1 100 

ERA5 ERA5CDS_N27.00_E087.50 +1h 0.119 0.382 
16/07/2000 - 

15/07/2020 
1.75 1 100 

ERA5 ERA5CDS_N27.00_E087.75 +1h 0.138 0.356 
16/07/2000 - 

15/07/2020 
1.75 1 100 
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Site 10: Birtabesi, Ramechhap 

Type Name Timeshift 
r (all 

data) 

r (monthly 

averages) 
Selected LT period 

Concurrent 

period 
Time resolution Data availability 

MERRA2 MERRA2_N27_E86.25 -1h 0.352 0.797 
01/07/2000 - 

30/06/2020 
1.57 1.00 100 

MERRA2 MERRA2_N27.5_E85.625 -2h 0.495 0.862 
01/07/2000 - 

30/06/2020 
1.57 1.00 100 

MERRA2 MERRA2_N27.5_E86.250 -2h 0.513 0.893 
01/07/2000 - 

30/06/2020 
1.57 1.00 100 

MERRA2 MERRA2_N27_E85.625 0h 0.172 0.690 
01/07/2000 - 

30/06/2020 
1.57 1.00 100 

ERA5 ERA5CDS_N27.25_E86 -1h 0.349 0.546 
16/07/2000 - 

15/07/2020 
1.59 1.00 100 

ERA5 ERA5CDS_N27.25_E86.25 -1h 0.387 0.508 
16/07/2000 - 

15/07/2020 
1.59 1.00 100 

ERA5 ERA5CDS_N27.50_E86 -2h 0.400 0.422 
16/07/2000 - 

15/07/2020 
1.59 1.00 100 

ERA5 ERA5CDS_N27.5_E86.25 -2h 0.453 0.650 
16/07/2000 - 

15/07/2020 
1.59 1.00 100 
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ANNEX J LONG-TERM ESTIMATED WIND REGIME 

The long-term extrapolated long-term wind regime roses can be found below for the projects which was suitable for MCP methods. 

For most of the projects due to low coefficient factors with the long-term datasets, wind index method or directly measured short-term data have been used. 

According the wind index method a correction factor has been applied to the short-term data set therefore short-term wind roses and corrected short-term 

wind roses are exactly the same for these projects. Rose graphs for the projects listed below which calculated by short-term data or have been corrected with 

wind index method can be found in Annex E. 

Project Used Dataset 

1 Sitapur Long-Term Extrapolated (MCP Matrix) 

2 Pidari Long-Term Extrapolated (MCP Matrix) 

3 Tangbe Short-Term Dataset patched with Site6 Data 

4 Purungchheda Wind Index Corrected Short-Term 

5 Khajura Wind Index Corrected Short-Term 

6 Kagbeni Short-Term Dataset 

7 Dangibada Short-Term Dataset 

8 Koilabas Wind Index Corrected Short-Term 

9 Saptami Wind Index Corrected Short-Term 

10 Birtabesi Wind Index Corrected Short-Term 
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Site 1: Sitapur, Siraha 

 

            Energy Rose 

 
 

Wind Frequency Rose 

 

Mean Wind Speed Rose 
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Site 2 : Pidari, Morang 

            Energy Rose 

 
 

Wind Frequency Rose 

 

Mean Wind Speed Rose 
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ANNEX K WEIBULL PARAMETERS OF THE LONG-TERM WIND REGIME 

Site 1 Sitapur 2 Pidari 3 Tangbe 4 Purungchheda 

Height AGL[m] 80 80 80 80 

Long-term data set [-] ERA5-

N26.55_E86.70 

ERA5-  

N26.25_E87.75 

* MERRA2- 

N28.00_E82.50  

Long-term period [-] 01/01/2000 – 

31/12/2019 

01/04/2000 – 

31/03/2020 

* 2000-02-01 –  

2020-01-31 

Arithmetic mean wind speed [m/s] 4.37 4.34 * ** 

Weibull mean wind speed [m/s] 4.40 4.38 * 3.85 

Weibull A [m/s] 4.96 4.95 * 4.33 

Weibull k [m/s] 1.896 2.087 * 1.740 

Prevailing wind directions [-] E, ESE ENE, E * WSW 

Wind directions with most energy content [-] E, ESE ENE, E * WSW 

 

Site 5 Khajura 6 Kagbeni 7 Dangibada 8 Koilabas 

Height AGL[m] 80 80 80 80 

Long-term data set [-] ERA5CDS- 

N28.00_E081.75 

* * ERA5CDS_N27.75_E082.

25 

Long-term period [-] 2000-04-01 –  

2020-03-31 

* * 01/05/2000 – 

30/04/2020 

Arithmetic mean wind speed [m/s] ** * * ** 

Weibull mean wind speed [m/s] 3.43 * * 3.87 

Weibull A [m/s] 3.85 * * 4.37 

Weibull k [m/s] 1.729 * * 2.127 

Prevailing wind directions [-] WNW, ESE * * N,E,ESE 

Wind directions with most energy content [-] WNW, ESE * * N,E,ESE 
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Site 9 Saptami 10 Birtabesi 

Height AGL[m] 80 80 

Long-term data set [-] ERA5CDS_N26.7

5_E087.75 

MERRA2_N27.500_E086

.250 

Long-term period [-] 16-07-2000 –  

15-07-2000 

01-07-2000 – 

30/06/2020 

Arithmetic mean wind speed [m/s] ** ** 

Weibull mean wind speed [m/s] 4.40 1.42 

Weibull A [m/s] 4.91 1.47 

Weibull k [m/s] 1.615 1.092 

Prevailing wind directions [-] ESE SSE-NNW-WNW 

Wind directions with most energy content [-] ESE SSE-ESE 

 

 

* As defined in the section 7.2, 10.2 and 11.2 long term extrapolation cannot be done due to none of the combination’s Pearson correlation coefficient value 

exceeds the threshold value. 

** Arithmetic mean wind speed is not available because corrected short-term data was used. 

  



163 

ANNEX L ESTIMATES OF EQUIVALENT MEAN AND DIRECTIONAL WEIBULL WIND SPEED DISTRIBUTIONS 

Weibull parameters (A, k) at different heights A.G.L. with a roughness value of 0.03m and directional wind frequency for the selected short-term periods are 

given in the tables below for each site.  

Then wind speed and power density at each height are calculated and given as a graph below. 

Site 1: Sitapur, Siraha (03/11/2017-20/10/2019) 

Roughness length: 0.03m 

Sectors 0° 30° 60° 90° 120° 150° 180° 210° 240° 270° 300° 330° 

frequency [%] 2.17 3.03 7.95 28.64 17.28 5.19 2.46 2.40 6.59 13.25 7.90 3.13 

25m 

A.G.L. 

A [m/s) 2.39 3.82 5.69 4.79 3.10 2.21 2.07 3.54 4.00 3.35 2.34 2.39 

k 1.17 1.77 2.46 2.11 1.55 1.43 1.31 1.60 1.81 1.54 1.14 1.17 

50m 

A.G.L. 

A [m/s) 2.81 4.40 6.51 5.49 3.58 2.57 2.41 4.09 4.60 3.87 2.75 2.81 

k 1.29 1.97 2.74 2.35 1.72 1.59 1.45 1.78 2.01 1.71 1.26 1.29 

100m 

A.G.L. 

A [m/s) 3.31 5.14 7.59 6.40 4.20 3.01 2.84 4.79 5.38 4.54 3.25 3.31 

k 1.35 2.07 2.88 2.47 1.81 1.67 1.53 1.87 2.12 1.79 1.33 1.35 

200m 

A.G.L. 

A [m/s) 3.94 6.17 9.14 7.70 5.02 3.60 3.38 5.74 6.46 5.43 3.86 3.94 

k 1.28 1.95 2.71 2.33 1.71 1.57 1.44 1.76 2.00 1.69 1.25 1.28 
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Roughness length: 0.03m / z: 25m A.G.L. 

 

Roughness length: 0.03m / z: 50m A.G.L. 

 
  

          

Roughness length: 0.03m / z: 100m A.G.L. 

 

            

Roughness length: 0.03m / z: 200m A.G.L. 
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Site 2: Pidari, Morang (24/02/2018 – 23/02/2020) 

Roughness length: 0.03m 

Sectors 0° 30° 60° 90° 120° 150° 180° 210° 240° 270° 300° 330° 

frequency [%] 2.08 3.94 18.17 26.32 12.22 4.48 2.80 3.48 9.71 9.67 4.79 2.32 

25m 

A.G.L. 

A [m/s) 2.24 2.90 4.71 4.85 4.18 2.91 2.10 2.59 4.18 4.23 3.39 2.46 

k 1.10 1.37 2.37 2.43 1.81 1.43 1.26 1.35 1.83 1.97 1.54 1.17 

50m 

A.G.L. 

A [m/s) 2.68 3.40 5.42 5.59 4.85 3.41 2.48 3.05 4.85 4.90 3.96 2.92 

k 1.22 1.53 2.66 2.72 2.03 1.60 1.41 1.51 2.05 2.21 1.72 1.30 

100m 

A.G.L. 

A [m/s) 3.21 4.05 6.40 6.59 5.74 4.05 2.96 3.63 5.74 5.79 4.70 3.49 

k 1.30 1.63 2.85 2.91 2.16 1.71 1.50 1.61 2.19 2.37 1.84 1.38 

200m 

A.G.L. 

A [m/s) 3.89 4.93 7.84 8.07 7.02 4.94 3.60 4.43 7.02 7.09 5.74 4.24 

k 1.25 1.56 2.73 2.79 2.08 1.64 1.44 1.54 2.10 2.27 1.76 1.33 

 

 

 

 

 

 

 

 

 

 

 

 



 

166 

 

Roughness length: 0.03m / z: 25m A.G.L. 

 

Roughness length: 0.03m / z: 50m A.G.L. 

 

            

 

 

Roughness length: 0.03m / z: 100m A.G.L. 

 

          

 

 

Roughness length: 0.03m / z: 200m A.G.L. 
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Site 3: Tangbe, Mustang (06/04/2019 – 07/03/2020) 

Roughness length: 0.03m 

Sectors 0° 30° 60° 90° 120° 150° 180° 210° 240° 270° 300° 330° 

frequency [%] 4.60 4.00 3.79 2.50 2.22 34.44 29.13 7.61 4.83 0.70 1.30 4.88 

25m 

A.G.L. 

A [m/s) 2.53 1.78 1.92 2.33 7.15 14.09 10.57 4.85 4.96 1.99 2.50 3.43 

k 1.26 1.15 1.13 1.10 1.23 2.30 2.18 1.06 1.01 0.74 0.89 1.25 

50m 

A.G.L. 

A [m/s) 2.83 2.00 2.16 2.62 7.87 15.49 11.61 5.38 5.49 2.28 2.84 3.84 

k 1.34 1.22 1.20 1.17 1.24 2.31 2.22 1.09 1.03 0.78 0.94 1.33 

100m 

A.G.L. 

A [m/s) 3.09 2.18 2.36 2.85 8.59 16.84 12.61 5.89 6.03 2.48 3.09 4.19 

k 1.31 1.21 1.18 1.15 1.27 2.33 2.29 1.12 1.06 0.77 0.93 1.30 

200m 

A.G.L. 

A [m/s) 3.24 2.26 2.44 2.94 9.09 18.08 13.52 6.12 6.28 2.41 3.09 4.39 

k 1.12 1.03 1.01 0.99 1.21 2.28 2.11 1.01 0.98 0.68 0.80 1.11 
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Roughness length: 0.03m / z: 25m A.G.L. 

 

Roughness length: 0.03m / z: 50m A.G.L. 

 
            

 

            Roughness length: 0.03m / z: 100m A.G.L. 

 

          

 

            Roughness length: 0.03m / z: 200m A.G.L. 
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Site 4: Purungchheda, Dang (02/01/2018 – 01/01/2020) 

Roughness length: 0.03m 

Sectors 0° 30° 60° 90° 120° 150° 180° 210° 240° 270° 300° 330° 

frequency [%] 3.60 5.40 10.20 13.80 10.70 2.80 7.90 13.00 15.00 10.10 5.20 2.30 

25m 

A.G.L. 

A [m/s) 1.70 1.80 2.30 2.80 1.90 3.40 2.90 2.80 2.70 2.90 2.50 1.70 

k 1.50 1.68 1.40 1.23 0.92 1.60 1.78 1.90 1.80 1.95 1.19 1.50 

50m 

A.G.L. 

A [m/s) 2.00 2.10 2.70 3.30 2.20 3.90 3.40 3.20 3.20 3.30 3.00 2.00 

k 1.68 1.88 1.56 1.37 1.03 1.79 1.99 2.13 2.02 2.19 1.32 1.68 

100m 

A.G.L. 

A [m/s) 2.40 2.50 3.20 4.00 2.70 4.60 4.00 3.80 3.80 3.90 3.60 2.40 

k 1.79 2.01 1.67 1.46 1.09 1.91 2.13 2.28 2.16 2.33 1.41 1.79 

200m 

A.G.L. 

A [m/s) 3.00 3.00 3.90 4.90 3.30 5.70 4.90 4.60 4.60 4.80 4.40 3.00 

k 1.72 1.93 1.60 1.40 1.05 1.83 2.04 2.19 2.07 2.24 1.36 1.72 
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Roughness length: 0.03m / z: 25m A.G.L. 

 

Roughness length: 0.03m / z: 50m A.G.L. 

 
            

 

            Roughness length: 0.03m / z: 100m A.G.L. 

 

          

 

            Roughness length: 0.03m / z: 200m A.G.L. 
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Site 5: Khajura, Banke (29/11/2017 – 28/11/2019) 

Roughness length: 0.03m 

Sectors 0° 30° 60° 90° 120° 150° 180° 210° 240° 270° 300° 330° 

frequency [%] 4.50 10.30 7.60 4.10 13.60 35.40 6.40 3.10 4.40 4.70 3.00 3.00 

25m 

A.G.L. 

A [m/s) 3.60 4.10 3.80 3.30 5.30 8.50 7.10 5.10 4.50 5.10 5.00 4.30 

k 2.42 2.62 2.12 1.65 2.13 3.51 3.41 3.17 3.90 2.95 2.06 1.71 

50m 

A.G.L. 

A [m/s) 3.80 4.30 4.00 3.50 5.60 9.10 7.60 5.40 4.80 5.50 5.30 4.60 

k 2.35 2.53 2.06 1.60 2.06 3.40 3.31 3.08 3.79 2.86 2.00 1.65 

100m 

A.G.L. 

A [m/s) 4.00 4.50 4.10 3.60 5.80 9.40 7.80 5.60 5.00 5.60 5.50 4.70 

k 2.23 2.41 1.96 1.53 1.96 3.24 3.15 2.94 3.62 2.73 1.91 1.58 

200m 

A.G.L. 

A [m/s) 4.00 4.50 4.20 3.60 5.90 9.50 7.90 5.70 5.10 5.70 5.60 4.70 

k 2.13 2.31 1.87 1.46 1.88 3.10 3.03 2.82 3.49 2.63 1.83 1.51 
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Roughness length: 0.03m / z: 25m A.G.L. 

 

Roughness length: 0.03m / z: 50m A.G.L. 

 
            

Roughness length: 0.03m / z: 100m A.G.L. 

 

          

Roughness length: 0.03m / z: 200m A.G.L. 
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Site 6: Kagbeni, Mustang (06/12/2019-09/07/2020) 

Roughness length: 0.03m 

Sectors 0° 30° 60° 90° 120° 150° 180° 210° 240° 270° 300° 330° 

frequency [%] 6.12 5.42 4.38 3.90 1.39 9.84 24.64 25.92 11.88 0.49 0.74 5.27 

25m 

A.G.L. 

A [m/s) 2.70 2.03 1.90 2.34 4.09 8.75 8.85 7.92 8.55 8.16 2.19 5.14 

k 1.32 1.29 1.28 1.77 0.97 1.94 1.76 1.80 1.83 1.75 1.17 1.58 

50m 

A.G.L. 

A [m/s) 3.01 2.27 2.13 2.59 4.56 9.63 9.73 8.73 9.41 8.99 2.46 5.70 

k 1.41 1.37 1.37 1.89 1.00 1.99 1.80 1.86 1.87 1.80 1.24 1.68 

100m 

A.G.L. 

A [m/s) 3.29 2.48 2.33 2.84 4.99 10.47 10.59 9.50 10.24 9.78 2.68 6.25 

k 1.38 1.35 1.34 1.85 1.02 2.04 1.85 1.90 1.92 1.84 1.22 1.65 

200m 

A.G.L. 

A [m/s) 3.47 2.61 2.44 3.06 5.14 11.22 11.30 10.17 10.95 10.44 2.79 6.68 

k 1.18 1.15 1.14 1.57 0.93 1.83 1.69 1.68 1.73 1.65 1.04 1.40 
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Roughness length: 0.03m / z: 25m A.G.L. 

 

Roughness length: 0.03m / z: 50m A.G.L. 

 
 

           Roughness length: 0.03m / z: 100m A.G.L. 

 

         Roughness length: 0.03m / z: 200m A.G.L. 
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Site 7: Dangibada, Jumla (25/08/2018-24/08/2019) 

Roughness length: 0.03m 

Sectors 0° 30° 60° 90° 120° 150° 180° 210° 240° 270° 300° 330° 

frequency [%] 18.83 3.37 0.79 1.37 5.70 16.01 40.89 7.26 0.64 0.47 1.33 3.34 

25m 

A.G.L. 

A [m/s) 6.25 4.32 2.28 2.43 3.59 8.27 15.46 12.48 6.59 5.91 8.52 16.89 

k 1.20 1.09 1.32 1.40 1.39 1.22 2.07 1.63 2.15 2.31 2.37 1.31 

50m 

A.G.L. 

A [m/s) 6.90 4.83 2.54 2.71 4.01 9.10 17.01 13.74 7.28 6.52 9.38 18.61 

k 1.22 1.15 1.40 1.49 1.48 1.22 2.08 1.64 2.30 2.46 2.47 1.31 

100m 

A.G.L. 

A [m/s) 7.54 5.28 2.78 2.97 4.38 9.91 18.51 14.95 7.98 7.15 10.23 20.32 

k 1.26 1.15 1.38 1.46 1.45 1.24 2.09 1.65 2.26 2.41 2.49 1.31 

200m 

A.G.L. 

A [m/s) 7.92 5.44 2.93 3.14 4.63 10.59 19.92 16.05 8.68 7.80 11.08 21.99 

k 1.16 1.00 1.17 1.24 1.23 1.21 2.07 1.63 1.90 2.04 2.16 1.31 
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Roughness length: 0.03m / z: 25m A.G.L. 

 

Roughness length: 0.03m / z: 50m A.G.L. 

 

 

           Roughness length: 0.03m / z: 100m A.G.L. 

 

         Roughness length: 0.03m / z: 200m A.G.L. 
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Site 8: Koilabas, Dang (28/04/2018-27/04/2020) 

Roughness length: 0.03m 

Sectors 0° 30° 60° 90° 120° 150° 180° 210° 240° 270° 300° 330° 

frequency [%] 22.51 10.17 4.09 13.69 14.65 6.60 3.52 3.55 6.10 5.91 4.31 4.88 

25m 

A.G.L. 

A [m/s) 6.40 5.24 3.64 6.61 6.38 4.36 3.11 3.34 5.00 6.25 5.89 5.05 

k 2.12 1.72 1.61 3.02 2.53 1.71 1.97 2.22 2.15 2.12 2.03 2.12 

50m 

A.G.L. 

A [m/s) 7.07 5.81 4.04 7.28 7.03 4.84 3.44 3.69 5.53 6.90 6.51 5.58 

k 2.26 1.83 1.71 3.22 2.70 1.82 2.10 2.37 2.29 2.26 2.16 2.27 

100m 

A.G.L. 

A [m/s) 7.75 6.37 4.43 7.99 7.71 5.30 3.77 4.05 6.06 7.57 7.14 6.12 

k 2.21 1.79 1.68 3.16 2.65 1.79 2.06 2.32 2.24 2.21 2.12 2.22 

200m 

A.G.L. 

A [m/s) 8.43 6.85 4.74 8.77 8.44 5.70 4.08 4.41 6.60 8.23 7.75 6.66 

k 1.86 1.51 1.42 2.65 2.22 1.51 1.74 1.95 1.88 1.86 1.78 1.87 
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Roughness length: 0.03m / z: 25m A.G.L. Roughness length: 0.03m / z: 50m A.G.L. 

Roughness length: 0.03m / z: 100m A.G.L. Roughness length: 0.03m / z: 200m A.G.L. 



 

179 

 

Site 9: Saptami, Miklajung (06/12/2019-09/07/2020) 

Roughness length: 0.03m 

Sectors 0° 30° 60° 90° 120° 150° 180° 210° 240° 270° 300° 330° 

frequency [%] 3.36 2.47 2.18 5.33 21.46 16.07 7.96 6.52 10.50 11.48 7.74 4.93 

25m  

A.G.L. 

A [m/s) 2.05 1.86 1.82 2.62 2.97 2.70 2.13 2.03 2.57 2.64 2.53 2.36 

k 1.15 1.17 1.22 1.44 1.67 1.48 1.37 1.44 1.42 1.57 1.64 1.43 

50m  

A.G.L. 

A [m/s) 2.43 2.21 2.16 3.06 3.46 3.16 2.51 2.38 3.01 3.08 2.94 2.77 

k 1.28 1.30 1.36 1.62 1.87 1.66 1.53 1.61 1.60 1.76 1.84 1.60 

100m 

A.G.L. 

A [m/s) 2.91 2.65 2.58 3.64 4.10 3.76 2.99 2.84 3.58 3.66 3.49 3.29 

k 1.37 1.39 1.45 1.72 2.00 1.77 1.63 1.72 1.70 1.88 1.97 1.71 

200m 

A.G.L. 

A [m/s) 3.55 3.23 3.15 4.46 5.03 4.60 3.65 3.47 4.38 4.49 4.28 4.03 

k 1.31 1.33 1.39 1.65 1.92 1.69 1.56 1.65 1.63 1.81 1.88 1.64 
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Roughness length: 0.03m / z: 25m A.G.L. 

 

Roughness length: 0.03m / z: 50m A.G.L. 

 

  

          

Roughness length: 0.03m / z: 100m A.G.L. 

 

            

Roughness length: 0.03m / z: 200m A.G.L. 
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Site 10: Birtabesi, Ramechhap (05/12/2018-04/12/2019) 

Roughness length: 0.03m 

Sectors 0° 30° 60° 90° 120° 150° 180° 210° 240° 270° 300° 330° 

frequency [%] 14.33 8.28 5.64 5.10 3.20 4.28 12.60 13.76 13.33 8.76 5.16 5.55 

25m 

A.G.L. 

A [m/s) 2.03 3.62 3.29 3.17 2.57 2.50 3.28 3.70 2.51 1.48 1.13 1.30 

k 1.22 1.12 1.04 1.40 1.47 1.39 1.28 0.98 0.88 0.83 0.85 0.98 

50m 

A.G.L. 

A [m/s) 2.27 4.07 3.71 3.53 2.86 2.78 3.66 4.15 2.86 1.69 1.29 1.47 

k 1.30 1.19 1.11 1.49 1.56 1.48 1.36 1.02 0.93 0.88 0.90 1.04 

100m 

A.G.L. 

A [m/s) 2.48 4.44 4.05 3.87 3.13 3.05 4.01 4.54 3.11 1.84 1.40 1.60 

k 1.28 1.17 1.09 1.47 1.54 1.46 1.34 1.03 0.92 0.87 0.89 1.03 

200m 

A.G.L. 

A [m/s) 2.59 4.59 4.14 4.09 3.33 3.22 4.20 4.62 3.10 1.81 1.39 1.62 

k 1.09 1.00 0.94 1.24 1.31 1.24 1.14 0.90 0.79 0.75 0.77 0.88 



 

182 

 

 

Roughness length: 0.03m / z: 25m A.G.L. 

 

Roughness length: 0.03m / z: 50m A.G.L. 

 

  

          

Roughness length: 0.03m / z: 100m A.G.L. 

 

            

Roughness length: 0.03m / z: 200m A.G.L. 
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ANNEX M UNCERTAINTIES ASSOCIATED WITH AEP RESULTS – SINGLE 

TURBINE AT MAST LOCATION 

Site 1 Sitapur 2 Pidari 

Turbine sensitivity 

[%AEP / %WS] 

2.7 2.8 

[% WS] [% AEP] [WS] [% AEP] 

Wind measurements 2.0 5.3 2.0 5.6 

Long-term extrapolation 2.7 7.3 3.4 9.5 

Vertical extrapolation 0.0 0.0 0.0 0.0 

Future wind variability 

(20 years) 
1.7 4.5 1.7 4.8 

Weibull Representativity 0.7 2.0 1.5 4.3 

Power curve /// 10.5 /// 11.2 

Production losses /// 1.1 /// 1.1 

Combined Uncertainty (20 

years) 
/// 14.7 /// 17.0 

 

Site 3 Tangbe 4 Purungchheda 

Turbine sensitivity 

[%AEP / %WS] 

1.2 3.0 

[WS] [% AEP] [WS] [% AEP] 

Wind measurements 8.2 9.5 4.8 14.2 

Long-term extrapolation 0.0 0.0 3.4 10.1 

Vertical extrapolation 0.0 0.0 0.0 0.0 

Future wind variability 

(20 years) 
6.1 7.1 2.3 7.0 

Weibull Representativity 1.5 1.7 1.0 3.0 

Power curve /// 4.3 /// 11.7 

Production losses /// 1.3 /// 1.1 

Combined Uncertainty (20 

years) 
/// 12.8 /// 22.4 

 

Site 5 Khajura 6 Kagbeni – v100 6 Kagbeni – E48 

Turbine sensitivity 

[%AEP / %WS] 

3.0 1.2 1.6 

[WS] [% AEP] [WS] [% AEP] [WS] [% AEP] 

Wind measurements 1.6 4.8 8.2 9.5 5.0 8.1 

Long-term 

extrapolation 
3.6 10.7 0.0 0.0 0.0 0.0 

Vertical extrapolation 0.0 0.0 0.0 0.0 0.0 0.0 

Future wind variability 

(20 years) 
2.3 6.9 6.1 7.1 6.1 9.9 

Weibull 

Representativity 
0.0 0.0 1.5 1.7 10.0 16.1 

Power curve /// 10.5 /// 4.3 /// 4.9 

Production losses /// 1.1 /// 1.3 /// 2.3 

Combined 

Uncertainty (20 

years) 

/// 17.2 /// 12.8 /// 21.9 
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Site 7 Dangibada 8 Koilabas 

Turbine sensitivity 

[%AEP / %WS] 

2.5 3.2 

[WS] [% AEP] [WS] [% AEP] 

Wind measurements 5.8 14.6 2.0 6.4 

Long-term extrapolation 0.0 0.0 4.9 15.6 

Vertical extrapolation 0.0 0.0 0.0 0.0 

Future wind variability 

(20 years) 
5.8 14.5 1.7 5.4 

Weibull Representativity 4.9 12.6 1.1 3.6 

Power curve /// 8.4 /// 11.0 

Production losses /// 1.1 /// 1.1 

Combined Uncertainty (20 

years) 
/// 25.6 /// 21.2 

Site 9 Saptami 10 Birtabesi 

Turbine sensitivity 

[%AEP / %WS] 

2.5 3.8 

[WS] [% AEP] [WS] [% AEP] 

Wind measurements 5.3 13.2 5.8 21.9 

Long-term extrapolation 4.8 11.9 3.8 14.5 

Vertical extrapolation 0.0 0.0 0.0 0.0 

Future wind variability 

(20 years) 
1.7 4.2 1.7 6.4 

Weibull Representativity 2.7 6.6 2.6 9.9 

Power curve /// 7.9 /// 7.7 

Production losses /// 1.1 /// 1.1 

Combined Uncertainty (20 

years) 
/// 21.0 /// 29.9 
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ANNEX N MEAN AIR DENSITY 

Site 1 Sitapur 2 Pidari 3 Tangbe 4 Purunchheda 5 Khajura 

Long-term Air density at 

hub height 

[kg/m3] (80m) 

1.145 1.150 0.851 1.004 1.142 

Long-Term Air density at 

sensor height 

[kg/m3] (5m) 

1.154 1.158 0.857 1.011 1.150 

Short-Term Air density at 

sensor height 

 [kg/m3] (5m) 

1.155 1.159 0.859 1.012 1.150 

Site 6 Kagbeni 7 Dangibada 8 Koilabas 9 Saptami 10 Birtabesi 

Long-term Air density at 

hub height 

[kg/m3] (80m) 

0.845 – 0.860* 0.928 1.127 0.938 1.102 

Long-Term Air density at 

sensor height 

[kg/m3] (5m) 

0.864 0.935 1.135 0.944 1.110 

Short-Term Air density at 

sensor height 

 [kg/m3] (5m) 

0.866 0.939 1.136 0.947 1.111 

*Due to different turbine types and hub-heights used in the Site6 (Vestas V100 – 80m and Enercon E48 –

60m) different air density values can be seen on the table.
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ANNEX O TURBINE LOCATIONS FOR SITE 6 

In agreement with the World Bank, a micrositing exercise has been carried out only for the Kagbeni site 

(site 6) to show the potential energy production expected from a future wind farm in that region. The 

coordinates of the turbines are presented in the table below both for the Vestas V100 and the Enercon 

E48 types. 

VESTAS V100 – 80M HUB-HEIGHT 

Turbine Easting  Northing  Altitude 

T1 773394 3194833 3169.4 

T2 773041 3194743 3102.8 

T3 772329 3193471 3048.5 

T4 772627 3193420 3055.4 

T5 772972 3193498 3122.8 

T6 773394 3193219 3190 

T7 772060 3192648 3046.7 

T8 772276 3192410 3051.1 

T9 771917 3192192 3029.7 

 

ENERCON E48 – 60M HUB-HEIGHT 

Turbine Easting  Northing  Altitude 

T1 773412 3194812 3170.9 

T2 773209 3194799 3130.9 

T3 773034 3194826 3100.9 

T4 773206 3194364 3086.8 

T5 772961 3194344 3068.2 

T6 772741 3194366 3039.6 

T7 772795 3193776 3050 

T8 772621 3193871 3036.7 

T9 772296 3193476 3050 

T10 772453 3193420 3050 

T11 772643 3193392 3054.9 

T12 772980 3193437 3134.2 

T13 773386 3193210 3190.5 

T14 771988 3192594 3042 

T15 772144 3192617 3048.7 

T16 772300 3192626 3050 

T17 771924 3192177 3029.7 

T18 772085 3192200 3030 
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ANNEX P CALIBRATION CERTIFICATES 

Individual calibration certificates for the sensors for all masts could be found in a separate document 

(annex file to the installation report), available for access on the World Bank/AEPC online data repository 

energydata.info. 
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