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Abstract

District heating networks are commonly addressed in the literature as one of the most effective solutions for decreasing the 
greenhouse gas emissions from the building sector. These systems require high investments which are returned through the heat
sales. Due to the changed climate conditions and building renovation policies, heat demand in the future could decrease, 
prolonging the investment return period. 
The main scope of this paper is to assess the feasibility of using the heat demand – outdoor temperature function for heat demand 
forecast. The district of Alvalade, located in Lisbon (Portugal), was used as a case study. The district is consisted of 665 
buildings that vary in both construction period and typology. Three weather scenarios (low, medium, high) and three district 
renovation scenarios were developed (shallow, intermediate, deep). To estimate the error, obtained heat demand values were 
compared with results from a dynamic heat demand model, previously developed and validated by the authors.
The results showed that when only weather change is considered, the margin of error could be acceptable for some applications
(the error in annual demand was lower than 20% for all weather scenarios considered). However, after introducing renovation 
scenarios, the error value increased up to 59.5% (depending on the weather and renovation scenarios combination considered). 
The value of slope coefficient increased on average within the range of 3.8% up to 8% per decade, that corresponds to the 
decrease in the number of heating hours of 22-139h during the heating season (depending on the combination of weather and 
renovation scenarios considered). On the other hand, function intercept increased for 7.8-12.7% per decade (depending on the 
coupled scenarios). The values suggested could be used to modify the function parameters for the scenarios considered, and 
improve the accuracy of heat demand estimations.
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Abstract 

Generally wind shear coefficient is used to estimate the wind speed at higher elevations, while the local meteorological 
anemometers monitor one elevation. The well-known equation for estimating wind shear coefficients is a power law. This paper 
assesses wind shear and its effects on annual energy production from wind speed data on Phangan island, collected from 
December 2011 to November 2012 at locations 65 and 120 m above ground level (agl). The annual, monthly, and diurnal 
variations of wind shear coefficient were investigated. The annual energy production was assessed by using the wind turbine 
power curve. The results show that the difference between wind energy production from extrapolated wind data and the measured 
energy production may be up to 35%. 
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1. Introduction 

The modern wind turbines have a very tall hub height while most meteorological anemometers in developing 
countries have only one position below 50 m above ground level (agl).  In order to estimate the wind speed at the 
higher position, a wind shear coefficient is needed. This parameter directly impacts the wind energy obtained, and it 
relates to the wind speed data from the two positions, atmospheric stability, and terrain type. [1]  The wind shear 
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coefficients were  found to be higher during nighttime and smaller during daytime [ 2]. It was also found [3] that 
estimates of wind speed at the higher position based on wind shear coefficient may differ from measured wind data 
by up to around 50 percent. In general the value 0.143 for wind shear coefficient is used to predict the wind at the 
higher elevation, which gives good results over smooth surfaces such as at sea [4]. The objective of this work was to 
compare the energy production estimates from power law extrapolation of 65 m data to 120 m agl with the measured 
data for 120 m agl. 

 

2. Study area and data description 

The wind speed at two positions above ground level, 65 m and 120 m agl, were obtained from the inland Phangan 
station affected by complex terrain. Khao Ra is the highest peak with 627m elevation from sea level.   The number 
of data points is 52,192, recorded every 10 minuites from December2011 to November 2012, and they were used to 
calculate the wind shear coefficient.   

3. Methods 

The vertical wind profile is widely assumed to follow a power law, as shown in the equation 1.  
 

 
         

       
       (1) 

 
Here 1v [m/s] and 2v [m/s] are the measured wind speeds at elevations 1h [m] and 2h [m], respectively. α  is the 

wind shear coefficient. The wind shear coefficient can be calculated if wind speed measurements at the two 
elevations are available by fitting the data with equation 2. [5] 
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4. Results and discussion 

4.1. Frequency distribution 

The wind speed data were sorted from minimum to maximum and binned into 1 m/s intervals. The frequency 
distribution of wind speed in Fig. 1 shows that speeds exceeding 3 m/s occur about 54 and 67 % of the time at 65 m 
and 120 m agl elevation respectively.  
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Fig. 1. Annual wind speed frequency distribution measured by the Phangan station at 65 m and 120 m elevations. 

4.2. Wind shear characteristics 

Based on the wind speed data from Phangan island, the wind shear coefficient was calculated using equation 2 
for the 65 and 120 m agl elevations. The average wind shear coefficient in one year (Dec2011-Nov2012) was 0.355, 
much higher than the generic 0.143 due to complex terrain. The monthly variations of wind shear coefficient at the 
positions (65,90m) and (90,120m) are shown in Fig 2. No clear pattern was observed for this site, while normally 
the wind shear coefficient is higher in the winter season because of air mixing above the ground level [2,4,6-7]. The 
diurnal wind shear coefficient variation is show in Fig. 3. The wind shear coefficient was nearly constant from 0.00 
to 5.00h, then fluctuated from 5.00 to 8.00h. From 8.00 to 11.00 h the wind shear coefficient decreased due to 
heating of the ground surface by the sun. The value remained almost constant from 11.00 until 16.00h. After 17.00 
h, the wind shear coefficient increased because of surface cooling, and after 20.00h the value came back to the early 
morning level again. This pattern is in agreement with various findings in the literature [2, 4, 6-7]. 
 

4.3. Wind energy yield estimation and comparison 

    In order to estimate the wind energy yield, the power curve of 2MW GamesaG114 turbine [7] and frequency 
distribution of wind speed were used to estimate the wind energy yield. The wind resource and wind energy yield 
are shown in Table 1. When extrapolated from 65m to 120 m agl, using 0.143α = ,  the annual energy yield (AEY), 
capacity factor (CF), and power density are underestimated from their actual measured values at 120m agl. The 
difference between measured and estimated values may be up to 35 %. The wind shear coefficient needs to be 
carefully estimated if wind measurements at a different elevation are available only for one local position.  
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