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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 

Renewable power generation becomes more popular nowadays due to the low availability of fuels. This paper proposes an 
integration of single DC source reduced switch multilevel inverter topology for grid connected photovoltaic system to achieve a 
good quality output waveform. The proposed configuration requires less number of power semiconductor devices when 
compared to conventional multilevel inverter configurations for generating higher output voltage level with lower total harmonic 
distortion. A sine reference with phase disposition triangular carrier arrangement is utilized for generating the switching pulses to 
the proposed multilevel inverter. A single diode model in photovoltaic system and dual output boost converter is utilized in the 
proposed system to reduce the complexity. Also, the improved incremental and conductance maximum power point tracking is 
selected in this work. The proposed system is tested only in standard test condition using MATLAB/Simulink. Hence, the 
proposed system is well suitable for grid connected in photovoltaic system. 
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1. Introduction 

The amount of fossil fuels which result in carbon emissions to the atmosphere is finite. Hence the necessity for 
renewable energy resources has been increasing nowadays [1]. Solar and wind are the most commonly used 
renewable sources for grid integration. These are reliable, greener and more eco-friendly. They have an 
environmental boon like low emission comparatively [2]. In recent decades the solar power through photovoltaic 
systems is affordable and free from dirt or pollution [3]. Photovoltaic power generation is emerging topic of interest 
in more developing countries when compared to other renewable energy power generation due to low investment 
cost, pollution free and inexhaustible nature.  

 
Nomenclature 

k Boltzmann constant (1.3806503 × 10^−23 J/K) 
q  Electron charge (1.60217646 × 10^−19 C ) 
a diode ideality constant  
T absolute temperature 
IPV photovoltaic current 

The keystone to exploit the solar based photovoltaic sources is the inverter. It plays a vital role in energy 
conversion process from DC to AC in grid connected system. In past decade, multilevel inverter concept is more 
popular in renewable energy application. Generally three types of universal multilevel inverter topologies like diode 
clamped MLI, flying capacitor MLI and the cascaded H-Bridge MLI is utilized for high voltage and high power 
application [4]. In diode clamped MLI, the count of diode raises followed by the increases in output voltage level, 
whereas in flying capacitor MLI, the capacitor count has its dominance. The cascaded H-Bridge MLI has less 
number of switches and separate DC sources [5]. Reduced switch multilevel inverter topologies have developed to 
overcome the drawback of conventional multilevel inverter topologies regarding the component count. Different 
topologies of multilevel inverters are explained in a detailed manner in [6]. Every type has its advantages and 
disadvantages. A potential drawback of all these topologies is high number of independent floating DC voltage 
sources that makes their practical use quite questionable. Therefore, in this paper mainly concentrate to eliminate the 
utilization of multiple DC sources in multilevel inverter topology.  

The main novelty of this paper is to integrate reduced multilevel inverter with dual output boost converter for 
solar photovoltaic system along with improved incremental and conductance maximum power point technique. 
Stand-alone power generation system have installed in many places around the world where there is no access to the 
grid. So, the grid connected system is the perfect solution for peak demand and the intermittent nature of renewable 
power generation. Therefore, the proposed topology is integrated with grid connected system through the passive 
filter. The operation of proposed system is tested in standard test condition and the selective test results are portrayed 
in this paper. 

2. Proposed grid connected system  

Fig. 1 shows the equivalent circuit of single diode model of photovoltaic cell. Fig. 2(a) and 2(b) show the I-V and 
P-V characteristics of the PV model. The generalized formula for photovoltaic panel is discussed in [7] and given 
below. Table 1 shows the different parameters value of 80 W photovoltaic panel. 

𝐼𝐼 = 𝐼𝐼𝑃𝑃𝑃𝑃 − 𝐼𝐼𝑜𝑜 [𝑒𝑒𝑒𝑒𝑒𝑒 (𝑉𝑉 + 𝑅𝑅𝑠𝑠𝐼𝐼
𝑎𝑎𝑉𝑉𝑡𝑡

) − 1] − 𝑉𝑉 + 𝑅𝑅𝑠𝑠𝐼𝐼
𝑅𝑅𝑝𝑝

 ;  𝑉𝑉𝑡𝑡 = 𝑉𝑉𝑠𝑠𝑘𝑘𝑘𝑘
𝑞𝑞                                      (1) 

𝐼𝐼𝑃𝑃𝑃𝑃 = (𝐼𝐼𝑃𝑃𝑃𝑃,𝑛𝑛 + 𝐾𝐾𝐼𝐼∆𝑡𝑡) 𝐺𝐺
𝐺𝐺𝑛𝑛

                                                                                                  (2) 

𝐼𝐼𝑜𝑜 = 𝐼𝐼𝑠𝑠𝑠𝑠,𝑛𝑛 + 𝐾𝐾𝐼𝐼∆𝑡𝑡
𝑒𝑒𝑒𝑒𝑒𝑒[(𝑉𝑉𝑜𝑜𝑠𝑠,𝑛𝑛 + 𝐾𝐾𝑃𝑃∆𝑡𝑡)/𝑎𝑎𝑉𝑉𝑡𝑡] − 1                                                                               (3) 
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