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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 

The competition among numerous PV cell technologies in the market has necessitated the performance comparison and the 
viability of these technologies in actual weather conditions. This paper has presented an analysis of the impact of dynamic 
fluctuations in irradiance and temperature on the performance of different PV cell technologies. The study is aimed to give 
valuable information about the response of three different PV cell technologies such as monocrystalline, multicrystalline and 
thinfilm modules to different atmospheric conditions and the analysis is carried out according to Sandia standards. It is observed 
that all the three PV technologies reacted differently to different irradiance and temperature conditions, which in turn influenced 
their energy output.  
© 2017 The Authors.Published by Elsevier Ltd. 
Peer-review under responsibility of the scientific committee of the 1st International Conference on Power Engineering, 
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1. Introduction 

Since primary energy sources such as fossil fuels are rapidly depleting, owing to the increase in energy 
consumption, renewable energy sources have become promising in meeting the future energy demands. Of all the 
various renewable sources, use of solar energy has been increasing rapidly because it is bountiful and pollution free 
(Selami et al., 2014).  

Generally, the PV industry is dominated by crystalline silicon technology (mono and multicrystalline), followed 
by thin-film technology. The energy generated by these different photovoltaic devices is an important aspect to be 
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considered in choosing suitable technologies for efficient photovoltaic electricity. Previous studies show that each of 
the PV technologies currently available in the market has some merits and limitations while operating in different 
climatic conditions (Gottschalg et al.,  2013, Carr et al.,  2004, Cristina et al.,  2014, Sharma et al.,  2013). 

PV module parameters provided by manufacturers are mostly tested and evaluated under standard test conditions 
(STC). However, the real time operating conditions are different from STC. This is mainly due to the fluctuations in 
environmental factors such as irradiation, temperature and clouds that may affect the performance of PV modules 
(Jia-Ying et al. 2013). Henceforth, better knowledge about the performance of PV systems in real weather conditions 
is essential for correct product selection and increased power generation. The aim of this paper is to analyse the 
effect of fluctuating irradiance and temperature on the performance of different PV cell technologies. Three types of 
module technologies are considered for the analysis. 

2. PV Cell Characteristics 

Fig.1 shows the single diode circuit model of PV cell (Bagnall et al. 2008, Aissa et al. 2012, Pallavee et al. 2013). It 
is represented as a nonlinear DC current source, since its power output varies with various environmental 
conditions.  
 

 
 

Figure 1 Equivalent circuit of a PV cell 
 
The current-voltage characteristics of the PV cell are obtained using the following equation [Ashish et al. 2008]: 
 

                 (1) 
 
Here IPV is PV cell output current, VPV is PV cell output voltage, Iph is light generated current of the PV cell, Io is 
cell reverse saturation current, VT is  thermal voltage, Rs is  series parasitic resistance of PV cell and Rsh is the shunt 
parasitic resistance of PV cell respectively.  
However, fluctuations in temperature and irradiation in actual weather conditions may affect the characteristics in 
different ways [Green 1998, Maria et al., 2013, Farivar et al., 2013, Elami et al., 2014] such as variations in open 
circuit voltage and short circuit current of the PV cells. This in turn leads to degradation of power output in PV 
modules. The effects of temperature and irradiance on the on current-voltage characteristics of the PV cell are 
shown in Fig.2. 
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