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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 

Fluctuation of sun irradiance under multiple affected is important, and consider to the performance and reliability of the 
Photovoltaic (PV) power plant system. This research to propose the non-stationary characteristics detect technique by Wavelet 
transform, with MATLAB programming. From the experimental results, it is found. The Global irradiance component can be 
separated into Direct and Indirect components. The Indirect component upon scattered by passing clouds, nearby buildings, over-
cast clouds etc., may have smaller or greater amplitude of are compared with Direct irradiation. An Indirect irradiation 
component in from time domain and frequency domain for consider to PV power plant location selection, capacity determination 
and power quality analysis 
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1. Introduction 

The impact of weather conditions, solar radiation has intermittence, randomness, uncertainty and other negative 
characteristics, which may cause power fluctuations of utility grid, and the voltage instability at the point of common 
coupling (PCC), as well as lead to serious power quality problem. The connection of large PV plants to the power 
grids must encounter several problems [1, 2]. The fluctuation of solar irradiance is one of the most important causing 
variations in PV power output. The variability can affect the power and supply quality leading to unfavorable 
operating conditions and stability in power system. The frequency fluctuations of irradiance produce by the multiple 
effects of cloud coverage of the sky [3-4]. Therefore, it is important to quantify the plausibility of irradiance effects 
more precisely and to understand irradiance fluctuation characteristics. In order to quantify the irradiance 
fluctuations, the tool for analysis would be allowed to simulate the amplitude and frequency of occurrence over time. 
With recent studies, the wavelet transform has been applied to the solar irradiance analysis [5]. 

The objective of the study is to illustrate the application of Wavelet Filter bank of Wavelet transform function in 
MATLAB. This technique fast transforms and effective tool, permitting the fluctuating irradiance signal extracted to 
a set of sub-signals obtaining an original irradiance signal and variance signal with less distortion and able to 
reconstruct the signal close to the original [6]. The proposed analysis of irradiance fluctuations by means of Wavelet 
transform can analyze all ranges of fluctuations at any time period and allows quantifying the effect contents of the 
fluctuating factors. Due to its time-frequency technique character, the approach allows a meaningful decomposition 
of the irradiance signal content which can predict the effects relevant to the PV power variability. 
 

2. Theory 

The Global radiation data is one of the most important indicators for PV power generation application. Faced with 
the non-linear, non-stationary characteristics of the observed solar radiation data [7], the detailed study is achieved in 
this investigation. In this paper, The Global irradiation can be separated into Direct and Indirect components by 
Wavelet transform and the detail of each section as following.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 1. The multi-layer decomposition using Wavelet transform 
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The Wavelet transform is one of a useful tool for time-frequency analysis in the signal processing.  MATLAB 

programming is the most powerful in mathematical calculation, easily and widely operation in signal analyzing. The 
implementation in MATLAB of Wavelet transform provides the wavelet families the user can match the waveform 
to suit an original signal profile and allows the use of intervals in which interesting more precise low or high 
frequency information.   

The procedure of wavelet transforms in the study follows the book of Stéphane G. Mallat [8]. The two basic 
wavelet processes are decomposition and reconstruction. A 1D-input signal is decomposed through two 
complementary filters (yielding a fast wavelet transform) and subsamples into two signals. The output signal by 
passing through a low - pass filter is the approximation coefficients, cA, which are low-frequency components of the 
signal and the detail coefficients, cD, passing through a high-pass filter are high-frequency signal components. This 
is the notion of “down sampling”. We produce two sequences called cA and cD. A reconstruction signal is 
performed by an inverse decomposition process.  

The multi-layer of is performed in order to analysis of wavelet more accurate. Fig.1 introduces the multi-layer 
decomposition using Wavelet transform diagram. 

 

3. Experimental  

The data of the global irradiance in year 2013 was recorded once per 60 second measured by a Kipp&Zonen 
CM11 pyranometer and the Agilent 3498A data acquisition. The located at N13.57724 E100.44152, Thailand.  

The irradiance is simulated by means of the Wavelet transform on MATLAB using for three Wavelet filter 
families such as Coiflet (coif5), Symlet (sym8) and the Daubechies (db10) as shown in Fig 2. The signal output 
obtains the approximate reconstruction part and the detailed reconstruction part of the irradiance signal and the 
power output signal. Notice that there is so much noise in the original signal, the approximation coefficients consist 
much less noise while the detail coefficients contain mainly of high-frequency noise which are the most of 
fluctuation components of the irradiance signal and PV power signal. 
 

 
 
 
 
 
 

 
 

Fig. 2. Wavelet filter functions 
 

4. Result and Discussions 

The Global irradiance is 4.48 kWh/day and comparison by approximation coefficients part as show in Fig. 3. It is 
found, the Daubechies-10 (db10) Wavelet type decompose at the 8th-level is suitable used for simulate. The results 
are linear and look like the clear-sky curve (without tracking solar system). 
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