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Abstract: This paper represents the feasibility study of a grid connected PV system with battery backup in the south-east
part of Bangladesh. In Bangladesh, only 53% of the total population gets access to grid power and yet, the current
consumers cannot be provided with uninterrupted and quality supply of electricity due to the inadequate generation
compared to the national demand. The world is gradually moving towards sustainable renewable energy sources due to
diminishing fossil fuel energy resources and increasing demand for power. Most of the power stations in Bangladesh are
based on fossil fuels. Fossil fuels are not environment friendly and are responsible for global warming. So a renewable grid
connected power system with battery backup can be a better option to provide continuous power in a load shedding prone
country like Bangladesh and also to reduce the emission of greenhouse gases. Our proposed system is simulated using
HOMER optimization tool and the simulation results and analysis of the system are presented in the paper.
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1. Introduction

Electric power supply is the key for economic
development of any country. To sustain the economic
development huge amount of electricity is required in all
sectors. However in Bangladesh there is a huge gap
between the supply and demand of electricity. In United
States the energy consumption rate is 11.4 kW per person
where in developing countries, like India, the per person
energy use rate is closer to 0.7 kW. Bangladesh has the
lowest consumption rate with 0.2 kW per person [1]. There
are many different sources of energy that are naturally
available throughout the world in different forms.
Depending on regeneration energy can be categorized into
two main different sources: renewable and non-renewable
energy sources [2]. The sources that can be replenished or
which are available in plenty in nature are renewable
energy sources [3]. By far they are the cleanest and more
environment-friendly sources of energy available on this
planet, as they do not cause any natural imbalances. Solar
energy, wind energy, biomass energy, tidal force,
hydropower and geothermal energy are the major instances
of renewable energy sources. The sources that cannot be
replaced or can be replaced only very slowly by natural

processes are non-renewable energy sources. The fossil
fuels- natural gas, oil and coal, are the main examples of
non-renewable energy sources.

Today’s global energy production is mainly, in fact
80.6% dependent on fossil fuels [4]. But the fossil fuels are
limited and their use is responsible for the global climate
change due to the emission of greenhouse gases like carbon
dioxide. WHO (World Health Organization) estimates that
climate change is already causing more than 150,000
deaths a year [5]. Being concerned about the negative
impact of conventional energy sources on environment and
to provide clean and sustainable energy, there is an
increasing demand of energy from renewable energy
sources.

In this paper we focused our research on the feasibility
study and cost analysis of a grid connected PV system in
Bangladesh. We performed our analysis in University of
Chittagong which is situated in the south-east part of
Bangladesh. The HOMER (Hybrid Optimization Model for
Electric Renewable) optimization tool is used for
simulating the proposed system.
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2. Electricity Scenario of Bangladesh

Electricity, the most convenient form of energy, is a vital
ingredient to upgrade the socio-economic condition and to
alleviate poverty [6]. Bangladesh is a densely populated
country with 142.3 million people [7]. Only 53% of the
country’s population has access to grid electricity with 265
kWh per capita generations, which is very low compared to
other developing countries in the world [8]. But it is not
possible to meet the electricity demand for the current
consumers due to the insufficient production of electricity
around the country. This is because the government is
unable to ensure the supply of natural gas, the primary fuel
used to produce electricity in Bangladesh. Many power
plants are idle due to the shortage of gas supply and this
creates a struggling situation of electricity generation. On
the other hand, most of the public power stations of the
country have become very old and they are operating lower
than their rated capacity. So load shedding is a regular
matter in the country [6]. At present the maximum
generation is 6066 MW against the average demand of
7518 MW with a load shedding of 1452 MW [9].

‘—0— Generation —=— Demand —— Load Shedding ‘

/
7000
./././

.. 6000 s
& 5000

; 2000 ///:/_/
> —

2 3000

2000 4&
1000 PaN e T

2, 0, 50, 0, 0, 0, . 0, 0, 0, 0, 0
2 % > R 0 R

Year

Figure 1. Electricity Demand, Generation and Load Shedding Scenario in
Bangladesh from 2002 to 2012 [9], [10], and [11].

Due to the growth in almost all sectors, electricity
demand in Bangladesh is increasing day by day. To face the
increasing demand and because of time limitations for coal
mining, gas supply constrains and lack of other resources,
Government has initiated some high-cost temporary
solutions, on an emergency basis, such as rental power and
small independent power producers’ (IPPs), which are
mainly diesel or high sulphur fuel oil (HSFO) based. As a
result, in just two years (from 2010 to 2012), there was a
substantial change in the generation capacity profile.
Natural gas share fell from 88% to 67% whereas high
sulphur content fuel oil rose from 3% to 22%. The share of
diesel, which is more expensive, trebled from 2% to 6%.
The generation profile is now dominated by less efficient
reciprocating engines which now represent 39% of the
generation capacity [12]. Under contracts between the
Power Development Board (PDB) and the rental power
producers (RPPs), the PDB guarantees access to fuel by the

RPPs at lower rates charged by the Bangladesh petroleum
corporation (BPC) to other consumers. On the contrary, the
PDB sells electricity at prices lower than the prices the
PDB spends to purchase from generators. A BIDS
(Bangladesh Institute of Development Studies) study
estimated that the average cost of un-served energy is
$0.344 per kilowatt-hour (kWh), while the average bulk
tariff on electricity is $0.052 per kWh (1 USD = 77.76 BDT)
[13, 14].

Bangladesh has a vast potential for renewable energy
which can be used to meet the power shortage. Out of
various renewable energy sources solar energy can be
effectively used in the country. The geographical position
of Bangladesh is very favorable for the utilization of solar
energy. The amount of annual solar radiation in Bangladesh
varies from 1840 to 1575 kWh/mz, which is 50-100%
higher than in Europe [15, 16]. Taking an annual average
solar radiation of 1800 kWh/m?, only 0.00083% of the
incident radiation will be enough to meet the present
electricity demand of the country.

3. A Grid Connected PV System with
Battery Backup

A grid connected power system is a power system that
involves getting power from solar energy and/or other
renewable energy sources, such as wind and hydro, and
using the grid as backup. But in countries, like Bangladesh,
where load shedding is a common this type of power
system fails to provide continuous electricity to the users
when there is no energy coming from the sun or other
renewable energy sources and a blackout from grid occurs.
Hence we proposed a grid connected PV system with
battery backup, which is able to provide uninterrupted
power supply at any condition. A grid connected system
with battery backup is mainly composed of solar panels, a
battery bank, a charge controller, an inverter/charger
(converter), a utility grid and a two way electric meter (Net
meter). The overall components of the system are shown in
figure 2.
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Figure 2. Grid connected PV system with battery backup.

4. Load Profile of the Proposed Area

Our work provides a design of a grid connected PV
system with battery backup for the IT building of
University of Chittagong. The building consists of two
departments and an ICT centre. An estimation of the
electrical appliances used by the building is given in the
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table below. The over all loads of the building is about
80kW. But all loads do not work at a time, while each load
working at a particular time.

Table 1. Typical electrical appliances used by the IT building of University
of Chittagong

Typical Power

Appliance item Rating (W) Quantity
Ceiling fan 80 160
Tube light 40 200
Bulb 60 40
Computer 400 120
Refrigerator 110 3

Air conditioner 1800 4
Water pump 746 1
Laser printer 436 6
Other loads 3000

The office starts at 8.00 am and the class at 9.00 am and
both closes at 5.00 pm. Normally, load demand is high at
afternoon in the area under investigation. The load demands
after the sunset is very low, only the refrigerators and few
lights serve the load. In winter load requirement is small
and in summer it is high. The load demand is high in the
month of May and low in June because of rain vacation
thorough out the whole month. Figure 3 shows the hourly
load profile for a day in the month of May for the proposed
area. The average daily load profile for the whole year is
shown in figure 4. On an average the daily load demand is
304 kWh/day and the peak demand is 69 kW.
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Figure 3. Hourly load profile for a day in the month of May for the
proposed area.
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Figure 4. Monthly average load data for the proposed area.

5. Solar Radiation

The latitude and longitude of the site under investigation
are 22° 21' N and 95° 50" E, respectively. HOMER uses
these data to introduce the average daily radiation and
clearness index for twelve months (Figure 5). The annual
average solar radiation is 5.054 kWh/m*/d. The maximum
daily radiation is in the month of May, which is best
suitable for our site as the load demand is also high is this
month. The clearness index is the highest in the month of
January and the lowest in the month of July.
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Figure 5. Average daily solar radiation and clearness index.

6. Implementation of the HOMER
Model

6.1. System Configuration and Components

The HOMER schematic of the proposed system is given
in the figure 6. The components considered are PV system,
converter, battery, grid and loading system. Table 2 shows
the component wise cost of the system and all cost are
estimated considering the market price of Bangladesh.
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Figure 6. The HOMER schematic of the proposed system.

Table 2. Cost of different components of the proposed system.

Capital Replacement O & M cost
Component

cost ($) cost ($) ($/yr)
PV system (1kW) 3500 2800 0
Converter (1kW) 850 730 0
Battery(12V, 200 Ah) 800 680 0
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6.1.1. PV System

For the system the PV panels considered are the crystalline
solar panels as they have high efficiency, about 21.5% [17],
and long lifetime. At present the production cost of the best
crystalline-silicon (c-Si) PV module in China is $0.5/W and
will fall to $0.36/W by the end of 2017[18]. The capital and
replacement costs for 1kW PV system are considered to be
$3500 and $2800 respectively. The capital cost includes PV
modules, structural components, the cost of installation and
the charge controller cost, as HOMER does not model the
battery charge controller as a separate component. An
efficiency of 90% for solar panel and an efficiency of 95%
for charge controller are considered. So the derating factor is
85.5%. No maintenance cost was considered for the PV
system because crystalline solar panels require little or no
maintenance. The lifetime of the PV panels are taken as 25
years and no tracking is considered in the PV system. Such a
size of PV panel for the system is considered so that it can
provide at least 50% of the total load demand.

6.1.2. Converter (Inverter/Charger)

Converter is one of the key components of a PV system. It
is also called an inverter/charger. It is an electrical
component that can works both as an inverter (DC to AC)
and rectifier (AC to DC) depending on the direction of flow
of power. It can also operate simultaneously with an ac
generator. For the system a grid connected true sine wave
power inverter/charger is considered as it produces the
closest to a pure sine wave of all power inverters and in
many cases produces cleaner power than the utility company
itself [19]. The capital cost of inverter is $850/kW and
replacement cost is $730/kW. It has no operational and
maintenance cost. The inverter's efficiency is 95 % and
lifetime is 15 years, which means that it has to be replaced
once in 25 years period of system lifetime.

6.1.3. Battery

The battery provides backup power during power outage on
the grid in a cloudy day or at night. Today different types and
classifications of batteries, each with specific design and
performance characteristics suited for particular applications,
are manufactured. In this paper deep cycle AGM battery is
considered, as they are maintenance free and have superior
performance and longer lifetime, where most people use
flooded solar battery. Because they are completely sealed,
unlike flooded battery, they can't be spilled, do not need
periodic watering, and emit no corrosive fumes, the electrolyte
will not stratify and no equalization charging is required [20],
[21]. The battery considered is Phaesun PN-SB 12-200 with
nominal voltage of 12V and capacity of 200Ah (2.24 kWh).
The capital and replacement cost of each battery are $800 and
$680, respectively. The number of batteries considered is to
give at least 3 hour backup continuously.

6.1.4. Grid Input

In Bangladesh the average selling price of grid power is
lower than the average generation cost, selling price is about
60% of the average generation cost [22]. At present the

proposed area uses the category “F” tariff offered by the grid,
which has two rates - $0.077/kWh for off peak period and
$0.120/kWh for peak period. We considered the same prices
as sellback prices for off peak period and peak period
respectively. The demand rate is $0.579/kWh/month. We
considered monthly net metering scheme in the simulation.
Net metering is a billing system by which the utility allows
one to sell power to the grid at the retail rate [23]. At the end
of the billing period one will be charged for the net amount
purchased (total purchases minus sales).

6.2. Economics and Constraints Analysis

The project lifetime is considered to be 25 years and the
annual interest rate is taken as 6%. No fixed operation and
maintenance costs are considered as they are given in the
individual components. Operating reserve as percentage of
the current load is 10% and this reserve as a percentage of
solar power output is 20%. Annual capacity shortage is set
to zero.

7. Optimized Simulation Result

After simulation HOMER omits all infeasible system
configurations and shows a list for the feasible
combinations sorted by net present cost (NPC). The
simulation results data for our proposed system obtained
from HOMER is shown in figure 7.
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Figure 7. Optimized simulation results from HOMER.

Our proposed optimized result contains PV panel of 45
kW, converter of 40 kW and 40 batteries for storage. The
power demand supplied by the PV system is 56% and the
other 44% is purchased from the grid (Figure 8). There is
no unmet electric load and capacity shortage is zero. Excess
electricity fraction is almost zero percent. The amount of
PV energy that is used to serve the load is 92% and the
other 8% PV energy is sold to the grid around the year. The
renewable fraction is 0.535 and the maximum renewable
penetration is 113%.
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Figure 8. Electrical Outputs of simulation result.
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The monthly average electric power produced by PV
system and grid is shown in the figure 9. The PV
production is high in the months of January and February
because of higher clearness index and low in the months of
July and August for lower clearness index.
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Figure 9. Monthly average electric production from PV and grid.

The cash flow summary is given in figure 10. The
highest part of the cost is due to the PV panels, although
there is no replacement and operating cost in this purpose.
All cost associated with grid is considered as operating cost.
The total net present cost (NPC) is $309,136, the capital
cost is $223,500, the operating cost is $6699/yr and the cost
of energy is $0.200/kWh.

200,000 Cash Flow Summary

e (Capital
Feplacement

== Cpetating

— = Fuel

- Salvage
100,000 1—— -
B | . | H | _B
- i — i

-60,000

160,000

Het Present Cost ($)

i Giid FN-3B 12-200 Converter

Figure 10. Cost summary of the proposed system.

8. Analysis of the Simulation Result

From simulation result (Figure 7), first optimum option is
using the grid with government subsidy. The second option is
to use grid with battery backup and the third option is using
solar plus grid with no battery backup. The fourth option is
our proposed option that provides almost continuous power
using solar renewable energy plus grid with battery backup.
Although the second option can provide continuous power, it
will contribute to the overall increase in the load shedding
scenario of the country and hence can not be the permanent
solution. The first and third options do not provide
continuous power. But uninterrupted power supply is must
required for all the educational institutions. Completing all
the regular activities, performing laboratory experiments,
doing research work will be greatly hampered without
continuous power. So our proposed system is the ultimate
solution to provide uninterrupted power in a load shedding
prone country like Bangladesh.

9. Conclusion

The power sector of Bangladesh is mainly dependent on
natural gas. But the gas supply is decreasing day by day as
no new reserve could be discovered and hence the country
is suffering a severe power crisis. To minimize the power
shortage Government has taken short term plan, on an
emergency basis. Under this plan, rental and quick rental
power plants are installed using diesel and high sulphur
fuel oil (HSFO). The average cost of un-served energy from
quick rental power plants is $0.344/kWh. The cost of
energy for our proposed system is $0.200/kWh and it will
be feasible to install our proposed system in Bangladesh.
So our government should increase power generation from
renewable sources instead of other conventional sources. If
we can generate significant amount of power from
renewable energy sources then it will not be necessary to
hike the price of electricity so frequently and in this process
emission of significant amount of CO, and other green
house gases can be reduced.
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