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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 objective of this work is the study, design and validation by simulation the model of an isolated photovoltaic chain composed 
of : PV Generator 4.2 KW, power conditioning system and a direct current load. This system is used to supply agricultural 
pumping station. 
The effects of temperature and irradiation on the PV Generator are studied, in particular on the magnitudes of the short circuit 
current, the open circuit voltage and the power delivered by the system. 
According to the characteristics of the load and the operating conditions (temperature, irradiation), we can find a big gap between 
maximum potential PV Generator power and that actually transferred to the pumping system. 
In order to extract in every moment the maximum of power available at the terminals of the PV Generator and transfer it at the 
pumping system, we use a matching stage composed of a boost converter controlled by an algorithm of power maximization 
"P&O" and a pulse width modulation (PWM). 
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1. Introduction 

The demand for electricity is increasing in recent years, leading research towards the development of renewable 
energy sources. In this context, a photovoltaic systems offers a very competitive solution. 
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The equivalent diagram of the PV Generator becomes [4]: 

Fig. 2. Model of the PV Generator 

The governing equation the PV Generator model is obtained from the equation of the solar cell (equation 1) 
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After a mathematical solution of the equation (1) we obtain the voltage of the PV Generator (equation 2) 
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Most commercial PV modules consist of series-connected cells subnets. Each of these subnetworks is made of a 
group of photovoltaic cells connected in series. The number of cells by subnet is the result of an economic 
compromise between protection and loss of an important part of the PV generator in case of partial default. 

2.3. Architectural Configuration Of PV Generator: 

The PV Generator object of our application has a power of 4.2 KW, we used poly crystalline solar panels 150W 
whose manufacturer characteristics are listed in figure 3. 

                   
               Fig. 3. Specifications of  PV panel 150W                                          Fig. 4. Architectural configuration of the PV Generator 

Our PV Generator consists in total of 30 solar panels which 2 branches connected in series, and each branch is 
formed by 15 panels connected in parallel (figure 4) 

2.4. Adaptation system (Boost & MPPT) 

Usually the MPPT controls a DC/DC converter that is generally placed between the PV array and the inverter, to 
maintain a constant DC voltage at the output of the generator. With an appropriate sizing of the PV array, the 
DC/DC converter can be avoided, due to the relatively small changes in the optimum voltage in operating condition 
and moving the MPPT to the inverter. This will save one stage in the system and therefore will increase simplicity 
and efficiency. Many algorithms have been developed for tracking maximum power point of a solar cell [5,6,7]. 

In order to increase the voltage at the end of 230 V and run the Generator to the maximum power points, we 
chose an adaptation system consists of a DC-DC converter (boost) controlled by a MPPT algorithm type P&O [8-9]. 
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To overcome the performance issue PV Generators, it’s necessary to optimize the design of all the parts that make 
up a PV system [1]. In addition, it’s necessary to focus on the DC-DC converters used as an adaptation interface 
between the PV modules and the load to extract the maximum power, and operating the PV Generator at its 
maximum power point (MPP) with MPPT controller [2], consequently, obtain a maximum electric current at 
different variation of load and atmospheric conditions. 

In this sense, this work try to design, simulate and validate the model of a photovoltaic Generator power 4.2 KW, 
dedicated to supply a pumping station. 

2. Analysis and modelling 

2.1. Description of the system 

Generally, PV pumping systems consist of a PV Generator and a pumping subsystem [3]. These systems operate 
over sun without electrochemical storage. The water being pumped can be used directly or stored in a tank for future 
use. In order to extract the maximum power from the photovoltaic generator, the MPPT control is used (figure 1) 

Fig. 1. Diagram of the system PV controlled by MPPT. 

The first figure shows the general structure of an autonomous photovoltaic system. This structure consists of three 
blocks: (PV Generator, Boost with its control and a DC Load). 

The PV Generator is responsible for the instant conversion of solar energy into electricity through the 
photovoltaic effect. This Generator consists of a plurality of photovoltaic modules connected in series and in parallel 
according to the required power. 

The primary role of the power conditioning system (Boost converter & MPPT) is to optimize the transfer of 
power from the photovoltaic generator and the load. This system may be a DC-AC converter for an AC motor or a 
DC-DC converter to a DC motor. 

In our case, the load is considered as a motor pump powered by direct current. 

2.2. Mathematical Model Of Photovoltaic Generator   

The power delivered by a cell is not sufficient to supply a load. we'll have to connect multiple cells in series and 
in parallel to form a PV module and achieve the desired power.  

In turn, the interconnection of modules together in series and in parallel, to obtain a power even greater, defines 
the notion of the photovoltaic Generator. 

For each module, the manufacturer gives the short circuit current (Icc) and open circuit voltage (Voc) under 
standard conditions (T=25 °C, G=1000 w/m²). 

Assuming ns the number of modules connected in series in a branch and np the number of branches connected in 
parallel. 
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