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ABSTRACT
Energy is the key element for the economical development of a country. With the increasing concern about the global demand
for Renewable Energy (RE) energy, it is very much important to reduce the cost of the whole solar photovoltaic (PV) system.
Still now most of the solar photovoltaic (PV) system is highly expensive. In this paper we have shown that grid tied solar system
can be developed by omitting the energy storage device like large capacity battery bank. It will not only reduce the internal
losses for charging and discharging of battery bank but also at the same time a large amount of cost of the battery will be reduced. So, the system maintenance cost will be reduced also. We have proposed a new approach to design a photovoltaic (PV)
solar power system which can be operated by feeding the solar power to the national grid along with the residential load. Again
if there is an extra power demand for residential load along with the solar power then this system can also provide an opportunity to consume the power from the national grid. The total system is controlled with the help of some the sensors and a microcontroller. As a whole a significant reduction in the system costs and efficient system performance can be realized.
Keywords : Smart control, Grid connected PV system, PV system without storage, Net metering, Grid-tie inverter.

1 INTRODUCTION

B

ANGLADESH is one of the world’s poorest and most
densely populated country. Energy crisis is the biggest
obstacle for economical development of any country as
well as in Bangladesh. Due to the rising cost and depleting
storage of fossil fuels along with the increasing concern for
global climate change, utilization of RE in national scale has
become essential for this country. At present, Bangladesh relies heavily on fossil fuels especially Natural Gas (NG) resources for its power generation and its present proven NG
reserve would be ceased by 2015. The only way to save the
fossil fuels like Natural Gas, Furnace Oil, Coal etc are in small
scale use of them. According to the National Energy Policy the
projected demand in 2005 was 5720MW with deficiency of
around 700MW and will increase gradually to 11,794MW by
2020 for low economic growth of 6% and for a higher growth
rate of around 8% it should be 17,580 MW. That is why Bangladesh government recognizes the indispensability of Renewable Energy policy on 18 December 2008 where target has
been set to generate 5% of the total electricity from Renewable
Energy sources by 2015 and 10% by 2020[1].
This target is incredible but not impossible: mainly due to
the geographical location of Bangladesh. To achieve this target
we need to install more solar PV system with the most effective manner. According to the data up to September 2011,
more than 1 million off-grid solar PV systems have been installed in the rural area throughout this country having capacity 50MW. But still the growth rate of PV system and its contribution to the national energy is not sufficient due to the
technical inconvenience and installation cost of the PV system.
This paper presents an improved and cost efficient way to
synchronize the PV array output with the utility grid using a
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special control scheme. So that, an individual solar PV system
owner can acts as an electricity provider to the national power
grid.

2 CONVENTIONAL OFF-GRID AND GRID-TIED
SYSTEM
PV systems can be installed without being connected with the
conventional grid line are off grid system and most of this systems make use of the large capacitive battery as energy storage device. They store the energy in day time and use it at
night time. One the other hand there is a very little use of on
grid or grid tied system.

2.1 Conventional Off Grid System

Fig. 1 Schematic diagram of a off-grid PV system with AC and DC loads.
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Typical configuration of a off-grid PV system is depicted
above in Fig 1. This system is consists of a PV array with a
charge controller, battery and DC load. This can be operated to
drive an AC load by using an Inverter.

2.2 Conventional Grid Tied PV System

Fig. 2 Block diagram of a grid-tied PV system

Still grid tied PV system is not a popular PV installation system in the world. Some of the grid tied system has been designed earlier which was not so efficient at all. But to reach the
goal of having more energy from renewable sources, we need
to grab every opportunity of scaling up. Configuration of a
typical grid-tied PV system is given above in Fig2.

A newly designed grid-tied PV system is shown in Fig.3. Here
the grid-tied PV system is consists of an internal processing
junction box with its three end point. These are solar power,
utility power grid and Residential load. Here this system always tries to feed the solar power to the utility power grid. At
the same time the residential load will consume the power
from the utility power grid. But if the grid power is unavailable then the residential load demand will be supplied by the
solar power.

3.2 Schematic Diagram and the Relay Position
As the illustration in Fig.4, the power flow from the PV array
and the utility power grid is controlled by three relay. The
positions of the relays are also shown in Fig.4. During normal
operation relay 3 always at Normally Close (NC) position. At
day time when sunlight and grid power is available relay 1
and relay 2 both will be at NC position. So that the solar power will feed to the grid through relay 1 and at the same time
residential load will consume power from utility power grid
through relay 2. But if grid power is unavailable relay 2 will be
off and relay 3 will be at Normally Open (NO) position. So
that, the solar power can flows to the residential load. Again if
there is any overloading situation due to the residential load
the relay 3 will be operate to disconnect the connection and
ensure the safety of the system. At the same time it will generate a signal to the consumer for reducing the load. This is how
the system will operate with a most efficient manner.

3 PROPOSED GRID-TIED PV SYSTEM
Energy is vital for the progress of a nation and it has to be conserved in a most efficient manner. In this paper we proposed
an innovative design of a grid-tied PV system without storage
device. This system is capable to feed solar energy to the utility power grid when grid power is available and backup the
on-site load as well when the grid power is unavailable.
.

3.1 System Layout

Fig.3 Layout diagram of the planned grid-tied PV system.
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Fig. 4 Schematic diagram of the planed grid-tied PV system
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3.3 Grid-Tied PV System Block Diagram
Fig.5 demonstrates the block diagram of the control scheme.
The system block diagram consists of solar PV array, MPPT
charge controller, DC to DC converter, High efficient Grid Tie
inverter, AC three phase synchronizer, Microcontroller, DC
power measuring device, CT, PT, ADC (Analogue to Digital
converter), Relays and Metering device. We can describe all
those elements in three parts:

Grid Tie Type. Synchronous inverter is a special type of inverter
which is specially designed for solar panel [5]. This type of inverter always collect the data of voltage and frequency of utility
power grid by a AC synchronizer and synchronize the inverter
output with the utility power grid. So that, it is possible to install a medium to large-size PV array and remain hooked up to
the utility power grid [5].

3.3.3 Control Section
The power measuring block measures the solar power with
respect to time. The AC current sensor senses the residential
load current which can be converted in power by multiply
with the system voltage. The output of the measured solar
power and the load demand goes to the microcontroller
through two ADC (Analogue to Digital converter). The availability of the grid power can be detected by a PT. The output
of the PT goes to the microcontroller through another ADC.
With the help of these data microcontroller will send signal to
the relay control circuit. Then the relays will operate according
to the decision of the microcontroller. The relay control circuit
consists of a 1kΩ resistance and a NPN Transistor (BD135).
Fig.6 shows the relay control circuit. Here pic16F88, 28 pin
microcontroller with 16MHZ clock pulse generator and IC7805
voltage regulator can be used to obtain best performance of
the system.

Fig. 5 Grid-Tied PV system block diagram.
Fig. 6 Relay control circuit.

3.3.1

Voltage Control of Solar PV Array

The power output of a PV array depends on the voltage level
where it operates under a given condition of irradiance and cellsurface temperature. For efficient operation, a PV array should
operate near at the peak point of the V-I curve [2]. Various Maximum Power Tracking (MPPT) techniques have been proposed
in [3] and [4]. The MPPT device of the block diagram in Fig.6
always tries to stable the PV output voltage and also ensure the
maximum power output of the PV system.

3.3.2 Grid Tie Inverter
The inverter is the heart of the PV system and is the focus of all
utility-interconnection. An inverter is a device that converts
direct current to alternating current. The PV inverters are classified into two categories, Stand Alone Type and Synchronous
Copyright © 2012 SciResPub.

4. FLOW CHART OF THE CONTROL SCHEME
Fig. 7 shows the flow chart of the control scheme. According to
the flow chart we develop a programme in Micro-c and also in
assembly code to check the system performance. Here, after
initialization of the system parameter the microcontroller
always check the availability of grid power and solar power and
take decision to control the relay 1 and relay 2. The
microcontroller also compares the solar power with the
residential load to control the relay1 and relay 3. According to
the technical requirement in IEEE 1547, to prevent islanding
situation the microcontroller always monitor the voltage and
frequency of the grid and disconnect the grid tie inverter from
the grid for any worse situation by controlling relay 1.
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storage device the system installation cost can be maintained
within an acceptable limit. Grid tied system is more power
efficient than a conventional solar system. It ensures full
utilization of solar energy whereas battery discharge rate is
60% to 65% in conventional off-grid solar system in
Bangladesh. As energy storage capacity of these batteries
degrade with time and need replacement which required
extra cost for the system owner. This grid-tied system also
represents the consumer as an energy provider to the utility
power grid. Net metering allows system owners to get credit
for any electricity from the system sends to the national grid.
If the grid power is unavailable, still the system will continue
to supply critical on-site loads.

7 COST ANALYSIS OF THE PV SYSTEM
Fig.9 shows the graph of installation cost vs. PV array Wp of a
PV system with and without storage device. Here for a typical
system we assume the relative cost components as: PV array $
1.207 per Wp, Battery $1.207 per AH, Inverter $ 0.6030 per
Watt, Charge controller $1.207 per Amp. This graph shows
that the system cost will be cheap for a same Wp PV array installation without storage device (Battery).

Fig. 7, Flow chart of the control scheme

5 NET METERING SYSTEM
In our system a solar photovoltaic (PV) plant owners can also
enjoy the opportunity of net metering by selling energy to the
National grid when the consumed energy is less than the Delivered energy. Here we use two meter for metering the consumed and delivered power. The energy consumption/billing
meter will record how much energy is consumed by the costumer from the utility power grid. When the kilowatt-hour
meter will record the amount of energy is delivered from the
solar system to utility power grid. Fig.8 shows the net metering system.

Fig. 9. System cost vs. solar panel (PV) Wp

8 PERFORMANCE OF A TYPICAL SYSTEM WITH
STORAGE


Fig. 8, Net metering system

6 ADVANTAGES OF THE DESIGNED SYSTEM
A typical solar system would require a large
battery bank
to storage the solar energy. By removing this expensive
Copyright © 2012 SciResPub.

Fig. 10, Ampere-hour vs days of a typical PV system
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As Bangladesh is a compact, flat country with little geographic
variation, the solar radiation data collected at one point may be
treated as reasonably representative of the whole country [6].
Fig.10 shows the graph of Ampere-hour vs days. Here for this
system we use a solar panel of Pmax 87W, Vpmax 17.4V, Ipmax
5.02A, Voc 21.7V and Isc 5.34 A at temperature 25oC. We have
measured this data from our experimental set up. The data was
collected on April 2012.

9 CARBON EMISSION CALCULATION
The power sector of Bangladesh is responsible of emitting 40% of
carbon dioxide (CO2) Gas (15.24 million tons), whereas 30% of
CO2 emits from the power sector throughout the world [7], [8].
This emission of CO2 and other green house gases is responsible
for temperature rising and global warming. Over the past 100
years, temperature has increased by 050 degree Celsius due to the
global warming. However in the next 40 years, the temperature
in Bangladesh is projected to rise by 1.5 to 2.0 degree Celsius [9],
[10]. It is estimated that climate change could affect more than 70
million people in Bangladesh [11]. Agriculture is the largest sector
of this country’s economy that accounts for about 23.87% of the
total GDP [12]. However rise in temperature of 4 degree Celsius
would decrease the food grain production some 28% and 68% for
rice and wheat respectively [12]. According to the information of
International Energy Agency (IEA) Bangladesh emits CO2
585.2873g/KWh production of energy. For Bangladesh with an
economic growth rate of 6%, prediction indicated the demand on
2020 is 11794 MW. That means if we want to generate 10% of total
energy by renewable energy sources, we can protect almost
105005.416 kg of CO2 from release to the environment.

10 LIMITATION OF THE DESIGNED SYSTEM
In this paper we have come within the reach of a new PV system
design. But in our design we have also some limitations. This
grid-tied system without storage can’t supply power during
night or rainy day when sunlight is not sufficient. Again power
output from certain renewable energy sources, like wind and
solar, can be intermittent. Fluctuation in output can negatively
affect power grid frequency, voltage, component performance,
causing instability in the power generation system and interrupted service to the customers.

11 CONCLUSION
This system has been designed with a concept of micro photovoltaic power station. Still the solar PV system installation cost is not
within an acceptable limit. Proper step should be taken to reduce
the solar PV system cost. So that, the general electricity consumer
can concentrates their attention in grid-tied PV system. We hope
there will be occur a lot of activity regarding grid-tied PV system
and then our work may help to decide an optimized way.
So, in this paper we have shown an advanced grid-tied PV system which is suitable for Bangladesh as well as for other countries
to produce more energy from renewable energy sources. Thus
every photovoltaic system which is installed in any where can be
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treated as a micro PV power station, no matter what ever the
generation capacity of the plant.
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