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ABSTRACT 

The amount of the conventional energy sources is decreasing day by day. Here in Bangladesh, the main source 

of energy generation is natural gas. To avoid the upcoming energy crisis, we need to incorporate the renewable 

energy sources with which Bangladesh is blessed due to its geographical location. Bangladesh has a very good 

prospect for the solar Photovoltaic integration. The technical potential of grid-connected solar PV in 

Bangladesh was calculated as about 50,174 MW. Researches are needed to be conducted for modeling 

optimized grid connected solar photovoltaic system. This paper makes an attempt to model a cost efficient grid 

connected PV system and performs its economic analysis for Bangladesh. 

KEYWORDS: Solar PV, Distributed generator, Renewable energy, Grid connected solar PV, Sustainable 

energy   

I. INTRODUCTION 

Bangladesh is suffering from energy crisis for long many years. The main source of energy generation 

of Bangladesh is natural gas. 81.4% of the total electricity generation from the installed capacity is 

accounted by this source of energy [1]. The way the energy consumption is increasing (10% 

annually), the reserved natural gas of Bangladesh will not last more than 15/ 20 years [2]. In this 

situation, grid connected solar photovoltaic system can be a fruitful solution. Implementation of 

renewable energy resources like solar energy will lead to economical, social and environmental 

benefits [3]. GHG gas emission will be lessened. Researches are going on about the integration of 

renewable distributed generation (DG) units with medium and low voltage power grids. The potential 

and viability of grid connected solar PV of 1 MW was studied by Mondal et al. [4] using RETscreen 

simulation software for 14 widespread locations in Bangladesh and it showed the favourable condition 

for the development of the PV systems in Bangladesh. A study of grid-connected PV systems for 

residential houses with energy storage was presented by G. Mulder et al. [5]. They studied the relation 

between storage size and energy flow to the grid in Belgium. A technical and economic analysis of 

grid-connected systems was performed by J. De La Hoz et al. [6] in Spain during the period 1998-

2008. They explained the evolution by focusing on the key growth factors and drivers embedded in 

the legal, economic and technical framework of the PV energy policy. Sopian et al. [7] simulated the 

viability of a hybrid renewable energy generation system for a household in Malaysia using HOMER 

(Hybrid Optimization Model for Electric Renewables) simulation software, and showed that the most 

cost optimized system consists of a 2 kW PV and 1 kW wind turbine. Numerous studies were 

conducted on the subject [8], [9], [10]. Hong et al. [11] estimated the loss ratio of solar PV electricity 

generation through stochastic analysis. PV is becoming more and more attractive in certain 

countries due to availability of resources and geographical benefits [12]. In Bangladesh, grid 

connected solar PV system can play an important role for satisfying the unmet energy demand. 

Bangladesh government has put a target to provide electricity for all by the year 2020, although at 

present there is a huge unsatisfied demand for electricity, which is growing by more than 8% annually 
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[13], [14]. The Rural Electrification Board (REB) noted that they had supplied electricity services to 

about 31% of the total rural population (Master plan, 2000). It aims to reach 97 million rural 

populations by 2020, which is about 84% of the total rural population [15]. In recent years, rapid 

development in grid-connected building integrated PV systems is due to the government-initiated 

renewable energy programs aiming at the development of renewable energy applications and 

reduction of greenhouse gas emissions. Germany introduced a “1, 00,000 roofs program” [16]. These 

kinds of projects are being initiated worldwide to overcome the energy crisis in a sustainable way. 

Several countries are taking numbers of initiatives in this regard. In USA, a PV system dissemination 

program has been very successful, and its 1 million solar-roof initiative is going well [17], [18]. With 

the advancement of technology, the installing cost is also being reduced gradually. The efficiency and 

performance of PV systems have risen dramatically over the last decade while installation and 

maintenance costs of systems have declined [19], [20], [21]. Over the last two decades, the cost of 

manufacturing and installing solar PV has decreased by about 20% for every doubling of installed 

capacity [22]. From 2008 to 2012 prices of solar panel have decreased by 25% in the United States 

from approximately $4/Watt, with many currently installed systems below $3/Watt [23]. 

However, in the course of exploitation, constraints such as land use, geographical area and climate are 

encountered. In addition, several of solar energy technologies are limited by different factors. For 

detailed information, it is therefore necessary to examine the potential of solar energy from the 

viewpoint of a specific application [24]. The average annual power density of solar radiation is 

typically in the range of 100-300 W/m2. Thus, with a solar PV efficiency of 10%, an area of 3-10 km2 

is required to establish an average electricity output of 100 MW, which is about 10% of a large coal or 

nuclear power plant [25]. Several factors are considered when procuring a PV system, such as the 

known solar insolation of a given area [26], cloud cover, energy payback associated with regional 

energy provider(s), individual building factors such as energy demands [27], and environmental 

effects including air pollution and dust [28], [29]. Compared to conventional energy options and 

considering multiple geographic and buy-back regions, PV generated electricity remains expensive, 

although prices are falling due to government incentives and the rapid expansion of the industry [30], 

[31]. 

Bangladesh is situated between 20.30o and 26.38o north latitude and 88.04o and 92.44o east longitude. 

The amount of solar radiation varies from area to area in this country. 

 

 

 

 

 

 

 

 

 

 

(a)                                                                                            (b) 

Figure 1.  Solar radiation (kWh/m2/day) (a) worldwide and (b) Bangladesh 

The amount of solar radiation in various districts is listed below. 
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Table 1. Average daily solar radiation in various sites in Bangladesh [32], [33]. 

Site names 
Latitude 

(Degrees) 

Longitude 

(Degrees) 

Radiation 

(KWh/m2/day) 

(RERC) 

 

Radiation 

(KWh/m2/day) 

(NASA) 

 

Dhaka 23.7 90.4 4.73 4.65 

Rajshahi 24.4 88.6 5.00 4.87 

Sylhet 24.9 91.9 4.54 4.57 

Khulna 22.8 89.6 - 4.55 

Rangpur 25.7 89.3 - 4.86 

Cox's Bazar 21.4 92 - 4.77 

Dinajpur 25.6 88.6 - 4.99 

Chittagong 22.3 91.8 - 4.55 

Bogra 24.8 89.4 4.85 4.74 

Barisal 22.7 90.4 4.71 4.51 

Jessore 23.2 89.2 4.85 4.67 

Mymensingh 24.8 90.4 - 4.64 

 

So, it can be seen that, Bangladesh has a good prospect for solar photovoltaic integration as a good 

amount of solar radiation is available throughout this country. 

The remainder of this paper is organized as follows. Section II sets forth the methodology of the 

simulation software HOMER. The characteristics of the site that has been chosen for the case study is 

reported in section III. Section IV describes the overall system configuration and the specifications of 

the system components. Section V provides the results and discussions of the simulation. The 

comparison of emissions among different system models is shown in section VI. Section VII depicts 

some future works. Concluding remarks are provided in section VIII. 

II. HOMER METHODOLOGY 

HOMER, the micro power optimization model, simplifies the task of evaluating designs of both off-

grid and grid-connected power systems for a variety of applications. The HOMER energy modelling 

software is a powerful tool for designing and analyzing hybrid power systems, which contain a mix of 

conventional generators, power grid, cogeneration, wind turbines, solar PV, batteries, fuel cells, hydro 

power, biomass and other inputs. It is currently used all over the world by tens of thousands of people 

[34]. HOMER is a software that designs the most optimized and cost effective hybrid generation 

system after a huge number of hourly simulations for a certain arena considering some parameters and 

component prices. The load profile, solar radiation data, wind speed data, tariff rate of the utility, 

feed-in-tariff, prices of the system components have to be provided to the software. HOMER 

performs hundreds or thousands of hourly simulations to ensure the best possible matching between 

supply and design in order to design the optimum system. To observe the impact of changes of the 

parameters such as, solar radiation variation, PV investment cost variation, wind speed and diesel fuel 

price variation on the optimum result, sensitivity analysis can also be done. HOMER simulates the 

operation of a system by making energy balance calculations for each of the 8,760 hours in a year. For 

each hour, HOMER compares the electric and thermal demand in the hour to the energy that the 

system can supply in that hour, and calculates the flows of energy to and from each component of the 

system. For systems that include batteries or fuel-powered generators, HOMER also decides for each 

hour how to operate the generators and whether to charge or discharge the batteries. This software has 

been applied for research in many simulations. A techno-economic feasibility analysis was done for 

500 kW grid-connected solar PV system using HOMER software and RET Screen computer tools 

[35]. 

III. SITE CHARACTERISTICS 

In this paper, a case study has been conducted for a remote residential area in Rajshahi. The co-

ordinates for this district are 24°22′00″ N latitude and 88°36′00″ E longitude. According to the data of 
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RERC, Dhaka University, the daily solar radiation for this district is 5.00 KWh/m2 (4.87 KWh/m2/day, 

NASA), which is very much preferable for solar PV energy.  

 

 

 

 

 

 

 

 

 

 

 

 

                            (a)                                                                           (b) 

 
Figure 2.  (a) Sunshine hours in Rajshahi throughout the year. (b) Monthly average solar radiation in Rajshahi. 

3.1. Solar radiation property 

After giving input of the coordinates (latitude and longitude) of the site area Rajshahi, HOMER 

automatically generates the radiation data via internet [36]. The highest solar radiation is achieved in 

the month of April (around 5.85 KWh/m2/day) and lowest solar radiation is achieved in the month of 

December (around 3.90 KWh/m2/day). 

3.2. Load profile 

A group of locality has been chosen for the case study. This group contains around 800 households 

with primary demand 514 kWh/d and annual peak load 41 kW. This load is based on 3 energy 

efficient lamps (15 W each), 1 fan (40 W) and 1 television (40 W) for each family. 

 

 

 

 

 

(a)                                                                                (b) 

Figure 3. Load profile (a) Daily (b) Monthly  

3.3. Energy purchase price and sell back rate (feed-in-tariff) 

HOMER models the grid as a component from which the micro power system can purchase ac 

electricity and to which the system can sell ac electricity. The cost of purchasing power from the grid 

can comprise an energy charge based on the amount of energy purchased in a billing period and a 

demand charge based on the peak demand within the billing period. HOMER uses the term grid 

power price for the price that the electric utility charges for energy purchased from the grid, and the 

demand rate for the price the utility charges for the peak grid demand. A third term, the sellback rate 

(feed-in-tariff), refers to the price that the utility pays for power sold to the grid. 

The load that is discussed in this paper is domestic type. The tariff that is fixed for domestic 

customers is 3.330 BDT/ kWh (Bangladeshi Taka, currency of Bangladesh, 1 USD = 83 BDT) for off-

peak hours, 4.930 BDT/ kWh is the flat rate (shoulder) and 7.980 BDT/ kWh is for peak hours. The 

feed-in-tariff or sell back rate for the renewable components in Bangladesh has multiple rates which 

are 2.150 BDT/ kWh for off-peak (00:00-06:00 hrs), 3.090 BDT/ kWh for flat rate (06:00-18:00 hrs) 

and 4.50 BDT/ kWh for peak (18:00-24:00 hrs). Figure 4 will illustrate that thing clearly. 
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Figure 4. Energy purchase price and sellback rate (feed-in-tariff) 

IV. DESCRIPTION OF THE SYSTEM 

Among the renewable energy sources, solar energy has been utilized with grid connection in this 

study. A typical grid-connected PV system comprises the following components [37]: 

• Solar PV Modules: these convert sunlight directly to electricity. 

• Inverter: converts the DC current generated by the solar PV modules to AC current for the utility 

grid. 

• Main disconnect/isolator Switch 

• Utility Grid 

The hybrid generation system, discussed in this study, consists of electrical load, power grid, 

renewable energy source and other system components such as solar PV, battery and converter. 

Figure 5 shows the complete hybrid energy system. 

 

 

 

 

 

 

 

 

 

Figure 5. Complete hybrid system 

4.1. Solar photo voltaic 

Capital cost, replacement cost, O&M cost etc have to be provided to the software for the simulation 

and modeling purpose. 20 KW PV modules are considered. The parameters considered for solar PV (1 

USD= 83 BDT) are stated in Table 2. 

Table 2. Solar PV Array Specifications 

Parameter Unit Value 

Capital cost BDT / W 498000 

Replacement cost BDT / W 415000 
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Operation and maintenance cost BDT / W/ yr 99600 

Lifetime Years 25 

Derating factor Percent 90 

Tracking system No tracking system 
 

 

4.2. Converters 

Most of the house appliances are compatible for AC current nowadays. As the electricity generated 

from the PV is DC, converter is needed to change it into AC. The converter selected for the power 

system should have features that make the system more robust. Proper control systems must be 

provided to the designated system such as the use of multilevel converter control schemes applicable 

to a general multilevel converter and to any types of the renewable energy resources [38].  Table 3 

shows the technical and economical parameters of the converters. 

Table 3. Specifications of Converters. 

Parameters Unit Value 

Capital cost BDT/ KWrated 35,600 

Replacement cost BDT/ KWrated 30,500 

Lifetime Years 10 

Efficiency Percent 90 

Rectifier capacity Percent 95 

Rectifier efficiency Percent 85 

4.3. Battery 

The Surrette 6CS 25P storage batteries have been utilized in the hybrid system. This battery bank 

stores the excess energy provided by the solar PV and supplies to the grid when necessary. The 

technical and economic parameters (1 USD= 83 BDT) are stated in Table 4. 

Table 4. Specifications of Battery 

Parameter Unit Value 

Nominal voltage Volt 6 

Nominal capacity Ah  1156 

Maximum charge current A 41 

Round trip efficiency Percent 80 

Minimum state of charge Percent 40 

Capital cost BDT/ KWh 99600 

Replacement cost BDT/ KWh 83000 

Operation and maintenance cost BDT/ KWh/ year 830 

V. RESULTS AND DISCUSSION 

The amount of the storage of the conventional energy sources is decreasing day by day. To support 

these conventional sources, renewable energy sources are being incorporated to ensure continuous 

power supply and a green sustainable world. In this study, an attempt has been taken to model a 

renewable energy generation system hybridized with the power grid connection which will be cost 

effective and optimized. 

It is the main target to get the hybrid energy generation model which costs the least per kWh or costs 

least NPC. After thousands of simulations, HOMER shows the hybrid configurations with respect to 

net present cost and cost/kWh. 

5.1. Analysis of the model where energy is supplied by only Grid 

From the simulation result, it can be seen that, the most cost optimized energy generation model is 

configured with grid only which is basically not environment friendly.  



International Journal of Advances in Engineering & Technology, Sept. 2013. 

©IJAET                                                                                                          ISSN: 22311963 

1458 Vol. 6, Issue 4, pp. 1452-1463  

 

In figure 6, we can see that, this configuration is the cheapest configuration with COE (cost of energy) 

of 5.430 BDT/ kWh and Net Present Cost (NPC) with 14, 358, 153 BDT. The amount of the initial 

capital cost is 0.00 BDT as there is no solar PV integrated with the grid supply in this model. There is 

no need of inverter and battery storage either. The renewable fraction is 0.00% and no capacity 

shortage. Though this configuration is the cheapest one, it is not feasible as there is no solar PV 

integrated. Our main objective is to integrate solar PV with power grid to reduce the adverse effects of 

using the conventional energy sources. In figure 7, the cash flow summary of this model, it can be 

seen that, all the cash flows due to the cost of the operation and maintenance of the grid only system.  

 

 

 

 

 

 

 

 

 
 

 

Figure 6. Optimization result from HOMER (model where energy is supplied by only Grid is highlighted), All 

the currency values were considered in terms of BDT (Bangladeshi currency) instead of $ (USD). 

In figure 8, it can be seen that, the AC primary demand is 187, 611 kWh/ year which is being supplied 

by the grid only. The renewable fraction is zero with no capacity shortage. Monthly average electrical 

production is shown in graphical manner. 

 

 

 

 

 

Figure 7. Cash flow summary of the only grid connected model, All the currency values were considered in 

terms of BDT (Bangladeshi currency) instead of $ (USD). 

 

 

 

 

 

 

Figure 8. Monthly average electricity production 
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5.2. Analysis of the model where energy is supplied by Grid connected PV without 

storage 

A PV array is connected and synchronized to the grid using an appropriate power conditioning sub-

system that converts the DC energy to alternating current (AC) energy synchronized to the grid 

energy [39]. In this section, the economy of grid connected PV system without battery storage has 

been analyzed. In figure 9, it has been illustrated that, the COE of this system is 19.428 BDT/ kWh 

and the total NPC is 51, 514, 676 BDT. Comparing with the system illustrated in previous section, the 

cost of this system is higher as the operation and maintenance costs and the initial capital of the solar  

 

 

 

 

 

 

 

 

 

 
 

Figure 9. Optimization result from HOMER (model where energy is supplied by Grid connected solar PV 

without storage is highlighted), All the currency values were considered in terms of BDT (Bangladeshi 

currency) instead of $ (USD) 
 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

Figure 10. Monthly average electricity production of the grid connected PV system 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 11. Monthly energy purchase and sold to the grid 
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PV and the inverters are included in the NPC. During day time, the excess energy of the load demand 

is sold back to the power grid and feed-in-tariff is obtained according to the tariff rate. Though, the 

consumers need to pay an increased COE/ kWh for this system comparing to the system model 

configured with grid only, figure 10 illustrates that this model supplied a total 33,644 kWh/ year from 

PV which is equivalent to 18% out of total energy supply to the consumers.  

Comparing with the model where the total energy demand is satisfied by the grid only, the clean 

energy penetration is higher in this system. This effort will give support to the gradually reducing 

conventional energy sources. On the other hand, the amount of carbon emission will be reduced which 

will help to create a green and sustainable world. In this system, 20 kW solar photovoltaic and 20 kW 

converter have been used with 500 kW power grid connections. The amount of unmet load is zero and 

no excess electricity.   

In figure 11, the energy purchased from the grid and sold back to the grid has been discussed month 

wise. The maximum amount of energy supplied by the solar PV to the power grid is done during the 

month of July (13,919 kWh) and minimum amount is supplied in the month of February (11,463 

kWh). The total yearly supply of energy to the national grid by the solar PV is 157,331 kWh. This 

penetration will increase more and more with the development of the manufacture and efficiency of 

the solar PV. 

5.3. Analysis of the model where energy is supplied by Grid connected PV with storage 

The amount of solar radiation is not constant all throughout the day. Battery storage can be used to 

store the excess energy supplied by the solar PV for the later use when the solar radiation is low. Here 

in this study, the battery, that has been used is Surrette 6CS 25P with nominal voltage 6 volt and 

Maximum charge current 41 ampere. 

 

 

 

 

 

 

 

 

Figure 12. Optimization result from HOMER (model where energy is supplied by Grid connected solar PV with 

storage is highlighted), All the currency values were considered in terms of BDT (Bangladeshi currency) instead 

of $ (USD) 

The most cost effective model, configured with the grid connected PV with storage battery, consists 

of 20 kW solar PV, 20 kW converter, 500 kW power grid connection and 2 storage batteries. Here, 

the COE/ kWh and NPC get increased when storage is added with the grid connected PV system. The 

more the battery is, the more is the cost. From the simulation in figure 12, it can be seen that the COE 

of this system is 19.604 BDT/ kWh and total NPC is 51,836,240 BDT. The amount of renewable 

fraction is 18% with no capacity shortage. Comparing the system with the grid connected PV without 

storage, this system is costlier. The total operation and maintenance cost and the total initial capital 

cost get also increased as the O&M and initial capital of the storage battery get included in NPC. 

 The amount of the energy, supplied by the solar PV per year stays constant for both of the models 

(grid connected solar PV with and without battery storage). However, this model ensures reliability 

and uninterrupted energy supply to the consumers end. 
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Figure 13. Monthly average electricity production of the grid connected PV system 

VI. EMISSION ANALYSIS 

Grid connected solar PV system provides much cleaner energy. As, a significant amount of energy is 

being supplied from the solar PV, the amount of burning of fossil fuel gets decreased. As a result, the 

amount of carbon emission in the atmosphere decreases accordingly. As there is no burning of fuels in 

the energy generation process of solar PV, this system is clean and environment friendly. 

Table 5. Comparison of emissions among different models 

 

Pollutant 

Emissions (kg/yr) 

Only 

Grid 

Grid connected PV 

without storage 

Grid connected 

PV with storage 

Carbon dioxide 118,570 99,433 99,433 

Carbon monoxide 0 0 0 

Unburned 

hydrocarbons 
0 0 0 

Particulate matter 0 0 0 

Sulfur dioxide 514 431 431 

Nitrogen oxides 251 211 211 

 

In table 5, we can see that, the amount of carbon emission, Sulfur dioxide and Nitrogen oxides 

emission for the system configured with grid only is respectively 118,570 kg/ yr, 514 kg/ yr and 251 

kg/ yr. On the other hand, when the Solar PV is integrated with the power grid connection, the amount 

of carbon emission, Sulfur dioxide and Nitrogen oxides emission becomes respectively 99,433 kg/yr, 

431 kg/yr and 211 kg/yr. So, integration of renewable energy system with the power grid reduces the 

yearly amount of GHG emissions. 

VII. FUTURE WORKS 

The amount of PV penetration into distribution grids is increasing rapidly. As a result, the effects of 

high penetration of solar PV on operating characteristics of the overall power system and fault analysis has 

become significant. Future work will deal with assessing the impact of PV penetration on system 

protection and developing mitigating strategies on a large interconnected system. 

VIII. CONCLUSION 

Recent IEA and other scenarios [40] have demonstrated that a large basket of sustainable energy 

technologies will be needed to address the challenges of moving towards clean, reliable, secure and 

competitive energy supply. 
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This paper proposes an optimized model for grid connected solar PV which will be cost efficient and 

environment friendly for Bangladesh. This paper also shows the economic analysis and environmental 

impact of different grid connected solar photo voltaic system models. The simulation based test result 

also indicates that the carbon emission and other pollutants due to energy generation process are much 

higher when the energy is supplied by grid only. The integration of renewable energy systems lessens 

the amount of emissions. Large integration of renewable energy systems into power grid may solve 

the problem of unmet energy demand in a sustainable way in Bangladesh.   
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