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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 

This paper explores the series Z-source inverter (SZSI) topology for induction motor (IM) with solar photovoltaic (SPV) as 
source in drive application. Series Z-source inverter has single stage power conversion with buck-boost capability. Shoot through 
ratio is used for boosting dc link voltage in series Z- source inverter. In this paper, for enhancing the performance of SZSI 
improved shoot through envelop technique along with sinusoidal pulse width modulation control technique for solar PV based 
series Z-source inverter fed drive, is presented. The major benefits of modified boost control technique are current reduction and 
harmonics reduction in output voltage as compared to simple boost control scheme. The validity and feasibility of modified boost 
control technique for shoot through envelop to control SZSI fed induction motor is verified by simulation and experimental 
results. 
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1. Introduction 

The use of conventional energy sources and their environmental effect have created an opportunity in choosing 
renewable energy sources such as solar PV. Due to low cost of renewable energy sources, solar PV system have 
given lot of importance particularly in the area where grid connected electricity is not available. SPV fed converter 
system requires buck-boost capability to satisfy the load requirement. It requires two stage power conversion. This 
two-stage  power conversion  increases  volume, cost  and  degrades the reliability of system. For reducing cost and  
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Fig. 1 PV based Series Z-source inverter fed I.M. drive 
 

volume single state VSI topology called Z- source inverter was implemented in [1]. 
The Z-source inverter utilizes shoot through state for boosting dc link voltage. ZSI, which was proposed in [1] 

combines the function of dc-dc boost conversion and VSI for dc to ac conversion. As described in [2], [3] the rms 
value of output fundamental component of line voltage of ZSI can be expressed as   
        
                                                           Vrms = 0.612 M B Vdc                                                                                         (1)  
Where Vdc, M, B, represents the input voltage or dc voltage, maximum possible value of modulation index, boost 
factor respectively. Boost factor is a function of M  is given by  
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B                                                                              (2)               
and   M = 1- D                                                                 
Where D is the shoot through ratio. Shoot through is employed by comparing dc reference line with sinusoidal 
signal. Maximum possible value of shoot through ratio, D of boost control is limited to (1-M). Hence for lower value 
of M, shoot through ratio is high which results in degradation of spectral performance and vice-versa [4]. 

      Many ZSI topologies have been represented in which focus is on improvement of boost factor. Some of them 
are, Trans -Z source inverter [5], L-Z source inverter [6], Quasi-Z-source inverter [7], PV based Quasi Z-source 
inverter [8], Enhanced- boost Z-source inverter [9]. Also two improved ZSI topologies have been presented called 
embedded [10] and series respectively [11]. In series ZSI, LC-network and inverter bridge are in series. This series 
combination is connected across dc source, which shows the reduced voltage across both capacitors. The series Z-
source inverter has much advantage over traditional inverter, which is one of the suitable topology in photovoltaic 
system. For SZSI, PWM technique is to be improved for boosting dc link voltage, which utilises shoot through state. 
Since, modified boost control technique is presented which gives high dc link voltage with lower THD [12], [13]. 

  This paper presents the solar PV based series Z-source inverter fed induction motor using modified boost 
control scheme with shoot through envelop in section 2. In section 3, simulation and experimental results are given 
to demonstrate the proposed modified control strategy with improved shoot through envelop technique for solar 
based SZSI fed induction motor drive. Finally, section  4 concludes the paper. 

2. Proposed topology  

2.1. Solar PV based series Z-source inverter 

    Fig. 1 shows the main circuit of the proposed solar photovoltaic based series ZSI fed induction motor drive 
system consist of inductors (L1, L2), capacitors (C1,C2), diode D, decoupling capacitor Cp, feedback diode Ds  and  
solar PV source. SZSI utilises shoot through state for boosting dc voltage. Shoot through is the state where upper 
and lower devices of the same phase leg of inverter are turn on intentionally. In simple boost control, shoot through 
is achieved by comparing dc reference line with triangular wave. By changing the level of dc reference or line, shoot 
through duty ratio is changed which results in boosting of dc link voltage. In simple boost control scheme three 
modulating signals are required, i.e. Va, Vb, Vc and shoot through line Vt  is used as shown in fig. 2. Shoot through 
can be achieved in seven different ways by turning on two switches of the phase a or b or c or ab or bc or ca or abc. 
The change in magnitude of Vt  provides boosting of dc link voltage. In tradition there are two control signals of Vt, 
i.e. Vt1 and Vt2 with positive magnitude and negative magnitude. 
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