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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 

Microgrids (MGs) are initiating the large number of opportunities for the future of distribution units. Distributed generation 
resources (DERs) such as solar, wind, combined heat and power, energy storage, etc are tie up with the microgrid or distribution 
grid (DG) which can be used for improving the power quality. Distributed generation and microgrid are the most challenges to 
the power system network. This includes the stability, reliability, increasing power demand and power quality issues in power 
system. The objective of this paper is to improve the voltage profile of grid – connected PV systems. In the distribution system, 
PV source is the challenging one which is directly disturbs the power quality issues. Here MPPT algorithm is used to achieve the 
maximum amount of power in grid – connected PV systems. This paper presents the grid connected inverter with a PI controller 
is proposed. At the connection of point of common coupling real and reactive power by abc to dqo transformation could be 
compensated under the unbalanced load condition. The proposed control method is used to improve the voltage profile in the PV 
systems, dc voltage regulation across the grid side inverter control and to reduce the distortions under the sudden load changes. 
The effectiveness of the proposed system is replicated through the MATLAB/SIMULINK using Simpower system library. 
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1. Introduction 

Today, a large number of markets renewable energy is the cost effective one with fossil fuels and constructed as 
all over the world as conventional energy sources like solar, wind, biomass, geothermal, hydro, and thermal, etc. The 
generating capacity of solar PV and wind power saw its increase ever. Fig. 1 shows that the year 2015 data’s in 
generating capacity of solar PV power in top 10 countries [1]. In recent years microgrid (MG) is one of the most 
interesting area in the electrical power system network. Generation, energy storage systems (ESS) and demand for 
green energy into MG could play a basic role in enlarging the quality and reliability of the power system. IEEE Std 
1547.4-2011 states that MG can be operated as a flexible operation of both grid- connected and islanded mode [2,3].  
It can be generating the electrical power from both conventional and non-conventional renewable energy sources. In 
grid- connected mode, each and every DG units regulates active and reactive power with the help of voltage and 
frequency of microgrid should be connected to the main utility grid, if the static switch is switched on. Also, this 
mode of operation each DG unit could be control by its real and reactive power [4]. The interfacing of a MG to the 
main grid system is a vital area to investigate the power quality problems which affects the utility grid voltages are 
unbalance load, high reactive power, harmonics and voltage sags, on the universal performance of the power system 
network. In the recent years, modification methodology are expanded in power quality because of the power system 
networks voltage quality problems are not a new concept [5,6].  

 

Fig. 1. Solar PV power capacity, top 10 countries in 2015. 

Recent advances in micro grid have prompted numerous stability concepts much more by converters and inverters 
and decreased the instability of the powers. Usage of controllers will trace the current components in the control loop 
of the DG units in order to direct the frequency and voltage of the DG units [7]. Combination of controller design 
and optimization technique methods is effective for declining the disturbance in the presence of voltage and 
frequency and also droop controllers can conceive the coordination of multiple DG in a micro grid system which 
finds the amount of power sharing so that the micro grid can be stable in its voltage and frequency [8]. Interfaced 
inverter distributed generators can exploits in power system to mitigate the instability of voltage and frequency and 
to improve the stability of powers. With the various recent advancements of new controller methodologies, the 
proviso of their categorizations taking into account of effective stabilization have gotten to be vital [9].   

Solar PV systems with grid connected inverter have less maintenance and cost effective comparing to the other 
micro grid system. The range between 100 watts single PV to more than 290 megawatts PV module is generated by 
the grid connected PV system [10]. This paper presents the improvement of voltage profile in solar PV using PI 
controller. The solar MPPT is connected to the grid side inverter through dc-dc converter with three phase load. The 
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proposed PI controller technique is used to tuning the parameters based on the pre specified operating points 
including the abc to dqo transformation [11]. The simulation results of the solar PV grid connected micro grid 
system using PI controller are to improve the voltage profile of converter side and load side in the PV module.  

 

1.1. System description 

The overall system consists of a solar PV system than can be generates the output power by increasing the 
maximum power point tracking of the PV panel. This PV panel is connected to the PI controller through the dc-
dc converter [12-14].  

Fig. 2. Overall solar PV panel configuration. 

1.2.  Modelling of solar MPPT 

The equivalent circuit of solar panel is shown in Fig.3 [15], and the mathematical modeling of solar PV is given 
by, 

Fig. 3. Equivalent circuit of solar PV panel. 

The mathematical equations are, 
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Therefore, 
 oc s ocN vV m V k T             (4) 

Where, 
IPV  - Photovoltaic current 
Isc   - Short circuit current 
Ki, Kv  –  Co-efficients of short circuit current with respect to operating temperature 
G & GN – Irradiance and nominal specified irradiance of the panel 
T – Operating temperature 

 
The given equivalent circuit model is implemented in MATLAB Simulink using components such as diode, 
resistance Rp and Rs, current source are applicable in Simpowersystems library.  
 

1.3. Proposed PI controller 

In our control structure, voltage controller using the PI controller to eliminate the voltage error and find the optimal 
solutions produces the current signal. Simple P-I controller having   as proportional and integral gain is 
used for tuning the PI controller. The basic PI controller block diagram given by Fig.4. 

 

Fig. 4. Block diagram of PI controller. 

 
     PI controller is an integral error compensation scheme; the output response depends in some manner upon the 
integral of the actuating signal. This type of compensation is introduced by using a controller, which produces an 
output signal consisting of two terms, one proportional to the actuating signal and the other proportional to its 
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integral [16]. Such a controller is called proportional plus integral controller or PI controller. In this paper, 
synchronously rotating abc to dqo reference frame using PI controller is implemented in PV inverters. The major 
function of this controller is eliminating the disturbances are insensitive to the power system variations. In [17], the 
design of PI controller real and reactive power components of abc to dqo transformation is given by equation 5 and 
6. 

  2 2 23 / 2 d id q iqP V I V I           (5) 

  2 2 23 / 2 q id d iqQ V I V I           (6) 

Where,  
P2, Q2 are the instantaneous real and reactive power. 
V2d, V2q are the PCC voltage. 
I2d, I2q are the PCC current. 

2. Results and discussions 

The proposed 1kW, 50Hz PV system on the low voltage distributed system is integrated to the microgrid is 
simulated under the MATLAB Simulink. The proposed controller shows the effectiveness of the poor dynamic 
response of the PV system and improves the voltage profile. Here DC power source is directly connected to the 
utility grid, hence reactive power could be negligible in the PV inverter system. The overall parameter of PV grid 
connected inverter used in the Simulink is mentioned in Table 1. 

Table 1.Parameters of grid – connected PV system consideration. 

Parameters Values 
PV panel 1 kW 
Grid voltage 440 V 
Frequency 50 Hz 
Switching frequency 5 kHz 
Capacitance 2e-3 
Resistance 1e-3 

In Fig.5 a and b shows the three phase source voltage of PV converter and current converter. It describes the output 
of the phase A, phase B, phase C voltage is 300 V.  
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Fig. 5. (a) Source voltage of PV converter; (b) Source current of PV converter 
 
 

Fig. 6. Grid – connected load voltage 

 

 
 
 
 
 
 

Fig. 6. Grid – connected load voltage 

        In Fig.7 observed that the PV and utility grid provides reliability of reactive power to the load. The proposed 
controller performs the accuracy of the interconnection of utility grid. The power factor is maintains at 0.9. Fig.8 
shows that the duty cycle and DC current of the solar PV system. 

 

 

 

 

 

 

 

 

 

Fig. 7. PV reactive power 
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Fig. 8. DC current and duty cycle 

3. Conclusion 

In this paper, solar PV Grid – Connected Inverter with micro grid operation using PI controller is presented. The 
whole system performance is developed and simulated by using MATLAB/SIMULINK environment. The control 
strategy of PI controller in the grid connected solar PV system gives effective results compared to the PID controller 
in terms of output of the inverter current control and overall system response. The simulation of the grid connected 
PV systems improves the voltage profile of converter and load side was evaluated.  
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Fig. 8. DC current and duty cycle 

3. Conclusion 

In this paper, solar PV Grid – Connected Inverter with micro grid operation using PI controller is presented. The 
whole system performance is developed and simulated by using MATLAB/SIMULINK environment. The control 
strategy of PI controller in the grid connected solar PV system gives effective results compared to the PID controller 
in terms of output of the inverter current control and overall system response. The simulation of the grid connected 
PV systems improves the voltage profile of converter and load side was evaluated.  
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