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DESIGN & SIMULATION OF A GRID TIED ROOFTOP SOLAR ENERGY GENERATION SYSTEM
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Abstract— Bangladesh is blessesd with rich solar energy and if exploited efficiently, the country has the potential of producing trillion-kilowatts of electricity. In this thesis paper we have discussed about the design of a simulation based grid connected rooftop solar power generation system which utilizes this enormous natural resources. Solar photovoltaic modules are places upon the rooftop free space. Sunlight is converted to electricity when made fall on solar PV moduled. This generated electricity is used for self powering houses and is delivered the grid company as well. Two kinds of inverter are designed which inverts the output DC power into AC power. It also synchronize it with the grid power. A Transformerless grid tie inverteris proposed which employs a new technique called Dual Stage Switch for Buck-Boost conversion. It swells the efficiency of the inverter upto 95%. Another grid tie inverter is also designed which uses transformer for step up and step down the voltage. The simulation results are analysis through PSIM, PROTEUS, MATLAB software. The feasibility and financial analysis are done using RETScreen software. The simulation results shows that the rooftop solar energy system has the potential to meet the challenges of power crises in Bangladesh where land and resources are limited.
Key words—Solar PV modules, SPWM, Dual Stage Boost converter, Dual stage Buck converter, GTI.  
I. Introduction 
 A grid connected roof top solar energy generation system is a compact system that generate electrical power using solar PV system. It converts light energy into electrical energy using solar panel. By adapting the rooftop solar energy and connected it to the grid, we can save our electric expenses and also can earn by selling the excess power to the grid. A Net Meter is placed between the grid and the load. When the load is consuming more power than that it is producing, the meter moves forward and when the produced power is higher than the load, the meter run reverse. If it is positive then the consumer will have to pay and if it is negative the power company will pay the consumer. A 2.5KW transformer-less grid-tie inverter using new sinusoidal pulse width modulation along with immittance conversion topology and dual stage boost converter and dual stage buck converter have been presented. Another grid-tie-inverter with transformer is designed which uses IC 555 and step up transformer and step up transformer. Both the inverters are simulated using software and the performance was satisfactory.
II. SYSTEM  DESCRPTION
The system design is divided into two parts. First it is calculated how much free roof space we have and how any panels are needed. Secondly, designing a grid tied inverter. 
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Here we have taken 16 panrls of 250 watt each solar panel which requires 280 squre feet roof space. The generated DC voltage is inverted by a inverter which is tied with the grid. Two kinds of grid inverter are designed for inversion purpose. The AC power is sent to a distribution panel which select the direction of power flow. The NET Meter calculates the incoming and outgoing power and gives the resultant value at the end of the month.
III. MPPT TECHONOLOGY
Grid-connected inverters normally use Maximum Power Point Tracking (MPPT) so the inverter can operate near the maximum power point and keep the output efficiency as high as possible [1]. A constant voltage maximum power point (MPP) algorithm that automatically adjusts the reference voltage to account for varying environmental conditions is presented
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Fig.1: MPPT Algorithm with constant voltage based.
A block is created to find out the necessity of MPPT technology. 
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Fig.2: Schematic diagram for Power Output MPPT and without MPPT using MATLAB.
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Fig. 3: PV panel output with MPPT without MPPT Algorithm.

The above power output graph shows that MPPT technology really can extract the most output from a solar panel. The yellow line is the power extracted from solar irradiation which is about 2KW. By using constant voltage algorithm we can extract 1.8-1.9KW power which is indicated via the pink line in the graph.

IV. GRID-TIED INVERTER
1. GRID-TIED INVERTER WITHOUT TRANSFORMER
A. Dual Stage boost converter
The dual stage boost converter is used for concerting the 40V to 220V. This converter firstly convert 40V to 112V and in the second stage in 220V. The power MOSFET gets less voltage stress on them due to this dual technique which makes them more reliable and robust. It also eliminate use of transformer which is costlier, heavier and dangerous.
The values of inductor and capacitor are selected using the below formulas:
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Where,

Vin = input voltage

Vout = output voltage

fs= minimum switching frequency of converter
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Fig. 4: Dual stage Boost converter using PSIM software
B. Dual stage Buck converter
In this dual stage busk converter, we convert the AC grid voltage by two stage. In the first stage we convert 220V into 33V and the in second stage into 5V. The buck converter is used to take sample form the grid for synchronize purpose and compare purpose.
Following formulas are used for inductor and capacitor calculation:
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Fig. 5: Dual stage Buck Converter via PSIM software
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               Fig.6: Transformer-less Grid-tied Inverter.
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          Fig.7: Output voltage of Transformer-less inverter.
The inverter inverted the input DC voltage into AC output voltage. Fig.7 tells us the inverted AC voltage is around 220V which is same as grid voltage. The output current is also go with grid current which is 12 A shown in fig.8.
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     Fig.8: Output Current for Single phase transformer-less inverter.

       Table 1: Inverter data for graphical representation

	Load (ohm)
	Pin(W)
	Pout(W)
	Efficiency (%)

	25 
	2189
	2070
	94.5

	30
	2215
	2017
	91

	35
	2245
	2000
	90

	40
	2277
	1986
	87.5

	45
	2309
	1988
	86

	50
	238
	1995
	85.5

	55
	2363
	2066
	85

	60
	2389
	2019
	84.5


                   [image: image19.png]Efficiency

96
94
92
90
88
86
84
82
80
78

945

25

30

Efficiency vs Load

35

40
Load

e Series1

45

50

55

60



  Fig.9: Graphical representation of Inverter Efficiency with LCL filter.
From the above graph it is seen that the inverter is efficient for lower load. While the load is 25ohm its efficiency is around 94%. The efficiency is decreasing with the pace of load. For higher load the filter needs to be changed.
2. GRID-TIED INVERTER WITH TRANSFORMER
A circuit has been develop and also tested in PROTEUS Software. Here 2 IC 555 has been used for generating positive and negative pulse of ac output. A step down transformer has used for taking voltage and frequency sample from Grid. The output of the ICs are transfer through 2 power MOSFET to a center tap transformer as input pulse. The output of the center tap transformer has been synchronized with the national grid parameters.
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Fig. 10: Grid tied Inverter with Transformer in PROTEUS Software.
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Fig.11: Output AC voltage from step up transformer.

V. GRID SYNCHRONIZATION
In a GTI concern function are divided into two major parts: grid synchronization, power transmitting. For synchronizing frequency of GTI with the grid a sampled of sine wave is taken from grid. Afterward the sampled sine wave is rectified and passed through a dual-stage buck power converter and the output of buck converter is compared with high frequency triangular wave to build SPWM which ensures same frequency. To match same phase SPWM sets with phase-shift to zero. Then two sets of AND gate operation is performed with combination of SPWM and square wave to construct four individual signal for switching of inverter. The zero crossing detects when inverter output and grid voltage both in phase [2-3]. Once zero crossing is detected inverter and grid connection is tied via connector is shown in Fig.4.7.
[image: image22.png]Vsqur

Vzer

0.02 004
Time (s)

0.06

0.08




Fig.12: Zero crossing detection of voltage (grid voltage).

The grid synchronization is matched through by following stages:

As buck input is sampled from grid and buck output is building SPWM for gate signal of H-bridge inverter. Therefore inverter output signal frequency is as same as grid frequency.

For zero crossing phase detection square wave combination is used with gate signal. Hence phase detection of inverter output is ensured through zero crossing detection.

To make transformer less inverter boost converter is used which output is 312V and the voltage is used as input of Inverter. Therefore inverter output will be 312V which means RMS 220V.

Thus phase, frequency and amplitude of inverter will be matched with grid utility. And power transmission will be started from inverter to grid utility.

VI. CONCLUSION
In looking at the components selected and the simulation created before the actual construction of different grid inverter, MPPT technology, everything were built in mind for the purpose of efficiency and keeping power losses to minimum. Here a 2.5KW transformer-less grid-tie inverter using new sinusoidal pulse width modulation along with immittance conversion topology and dual stage boost converter and dual stage buck converter have been presented. Another grid-tie-inverter with transformer is designed which uses IC 555 and step up transformer and step up transformer. Both the inverters are simulated using software and the performance was satisfactory. The voltage and frequency obtained ware in line with the grid. Both the inverters provide constant voltage and current at the output which makes it an economical and efficient inverter.
The rooftop grid tied solar system is feasible, economical, environment friendly. It is found that rooftop grid tied system is a blessing for small country like Bangladesh where electricity rate is higher and power demand is always growing. By utilizing the roof space anybody can participate in the country economy as well as develop individual economy. 

Bangladesh has no rules and regulation as to the size of rooftop solar PV system like other county has. As a result we can set as much as panel on the roof up to an affordable condition. The electricity demand is increasing in a rapid way and because of it the power company would feel happy to buy the power.
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Fig.1: Block diagram of a grid tie solar PV system
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