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ABSTRACT 

 

Now a days, the increasing demand of electric power and shortage of present energy resources 

lead today’s engineers and scientists to think about the alternative sources of energy. The 

sunlight is a potential source for producing electric power. In recent years, this solar system 

gains its popularity more and more. In home system applications, the use of solar energy is also 

attractive. Moreover, solar home systems require very little maintenance and need no fuel.Other 

advantages of a PV system are reliable power, free source of power, flexibility and quick 

installation. For socio-economic development a reliable, affordable and secure supply of energy 

is significant. The following research paper is based on analyzing the solar irradiation pattern of 

Bangladesh for electricity generation. Irradiation and power are discussed with their optimum 

capacity. Power is one of the most important factors in developing country and for sustainable 

economy. Like the rest of the countries of the planet, in Bangladesh the demand for power is 

increasing day by day. The main aim of our  research is to find out the irradiation of sun in 

Dhaka city in the month of September and October so that the power production by the solar 

panel can be estimated and, we collect the solar irradiation and the maximum power data in 

Dhaka for (September & October) two months and analyze the data to get average irradiation 

and find the relationship between solar irradiation and power and by using this data we can easily 

understand the electricity production by solar home system and create a standard form of power 

production of solar home system in 2018. 
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           Chapter One 

INTRODUCTION 

1.1  Introduction 

According to the World Energy Council report; 1.267 billion people were without access to 

electricity globally in 2010, out of which greater part of people lived in remote and isolated rural 

areas. To design the situation more difficult, people are sparsely populated in these places. Out of 

many other reasons for not being electrified are very low power claim and heavy economic 

burden to the government to build infrastructure etc [1]. One of the major concerns in the power 

sector is the day-to-day growing power demand but the unavailability of enough resources to 

meet the power demand using the conventional energy sources. Demand has increased for 

renewable sources of energy to be utilized along with usual systems to meet the energy demand. 

Renewable sources like wind energy and solar energy are the prime energy sources which are 

being utilized in this regard. The continuous use of fossil fuels has caused the fossil fuel deposit 

to be reduced and has drastically affected the environment depleting the biosphere and 

cumulatively adding to global warming. Statistics illustrate that quantity of consumption of fossil 

fuel is growing at a superior rate in Bangladesh [2]. 

Solar energy is abundantly available that has made it possible to harvest it and utilize it properly. 

Solar energy can be a standalone generating unit or can be a grid connected generating unit 

depending on the availability of a grid nearby. Thus it can be used to power rural areas where the 

availability of grids is very low. A different advantage of using solar energy is the portable 

operation whenever wherever required. 

In order to deal with the present energy crisis one has to develop an efficient approach in which 

power has to be extracted from the incoming solar radiation. The power conversion mechanisms 

have been greatly reduced in size in the past few years. The development in power electronics 

and material science has helped engineers to come up very small but powerful systems to hold up 
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the high power demand. But the drawback of these systems is the increased power density. Trend 

has set in for the use of multi-input converter units that can effectively handle the voltage 

fluctuations. But due to high production cost and the low efficiency of these systems they can 

hardly compete in the competitive markets as a most significant power generation source. 

The constant increase in the growth of the solar cells manufacturing technology would without 

doubt make the use of these technologies possible on a wider basis than what the circumstances 

is presently. There are a number of means available to increase solar panel output and efficiency. 

Depending on construction, photovoltaic modules can manufacture electricity from a range  

Of frequencies of light, but usually cannot cover the whole solar range 

(specifically, ultraviolet, infrared and low or diffused light). Hence much of the 

incident sunlight energy is exhausted by solar modules, and they can give far higher efficiencies 

if illuminated with monochromatic light. Therefore, another design perception is to split the light 

into different wavelength ranges and direct the beams onto different cells tuned to those 

ranges this has been projected to be accomplished of raising efficiency by 50% [3]. 

 

1.1.1 Solar Energy in World Prospect 

The enlargement of photovoltaic in (fig: 1.1) is enormously dynamic and varies powerfully by 

markets. In 2013, china, followed by Japan and the United states, has been the leader of new PV 

installations and ranks now second behind China in the world is top 10 photovoltaic [4]. The 

worldwide photovoltaic capacity reached 136 GW (+35%) by the end of 2013. This is sufficient 

to produce 160kWh/year or about 0.85% of the Electricity requirement on the planet. As of April 

2013, the largest individual photovoltaic (PV) power plants in the world are Agua Caliente Soar 

project , (Arizona, 250 MW, increased to 290MW in 2014), California Valley Solar 

Ranch (CVSR) a 250 megawatt (MW) solar photovoltaic power plant, by Sun Power in 

the Carrizo Plain, northeast of California Valley,  Mesquite Solar project (Arizona, 

150 MW), Neuhardenberg Solar Park(Germany, 145 MW), Templin Solar Park(Germany, 

128 MW), Toul-Rosières Solar Park (France, 115 MW), and Perovo Solar Park (Ukraine, 

100 MW) [5]. 
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Figure 1.1: Nellis Solar Power Plant, 14 MW power plant installed in North America [6]. 

 

Solar thermal power stations consist of the 354 megawatt (MW) Solar Energy Generating 

Systems power installation in the USA, Solnova Solar Power Station (Spain, 150 MW), Andasol 

solar power station (Spain, 150 MW) and the first part of Shams solar power station (United 

Arab Emirates, 100 MW). The 370 MW Ivanpah Solar Power Facility, positioned in 

California's Mojave Desert, is the world’s biggest solar thermal power plant project currently 

under construction is shown in (fig:1.2). The Solana Generating Station is a 280 MW solar 

power plant which is under construction about 70 miles (110 km) southwest of Phoenix, Arizona. 

There are plans to build many other large solar thermal plants [7]. 
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Figure 1.2: Solar Demand Forecast by country. 

 

1.1.2 Top Ten Countries Using Solar Power 

Solar energy is becoming more and more accepted among the grown and the growing countries. 

This is mainly because of government recognizing the energy troubles and giving out more and 

more incentives for going solar, to both the general public and the corporations. The countries 

are beginning to participate, to lead the renewable energy race in solar energy. I started 

wondering about which countries have the largest part amount of installed solar systems. So I 

wanted to do a top ten list of the countries which uses a good number of solar energy (in Mega 

Watts, MW) in the world. I wanted to do this in a Letterman style but I think it’s improved to 

write a short note about each country pointing out its highlights and some motivating facts. So 

here we go counting down. 

1) China (78,100 MW) (25.8%) 

2) Japan (42,800 MW) (14.1%) 

3) Germany (41,200 MW) (13.6%) 
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4) United States (40.300 MW) (13.3%) 

5) Italy (19,300 MW) (6.4%) 

6) United kingdom (11,600 MW) (3.8%) 

7) India (9000 MW) (3%) 

8) France (7,100 MW) (2.3%) 

9) Australia (5,900 MW) (1.9%) 

     10) Spain (5,500 MW) (1.8%)   [8]. 

 

1.1.3 Prospects of Solar Energy in Bangladesh  

Bangladesh is a subtropical country with an average daily solar radiation of 4–6.5 kW h m−2, 

with maximum amount in April and lowest amount in December [9][10]. It is initiated that 94% 

of the land area in Bangladesh has such radiation which is ample for appropriate utilization based 

on accessible technology [11].Despite large potential; utilization of solar energy has been 

imperfect to traditional uses such as crop and fish drying in the open sun. Solar photovoltaic 

(PV) are gaining recognition for providing electricity to households and small businesses in rural 

areas. 

According to a World Bank funded market survey, there is an obtainable market size of 0.5 

million households for Solar Home Systems (SHS) on a fee-for-service basis in the off-grid areas 

of Bangladesh. This assessment is based on current spending levels on fuel for lighting and 

battery charging being substituted by SHS [World Bank, 1998] [12][13] . Also it has been 

observed that in most on the rise countries, households typically spend no more than 5% of their 

income on lighting and use of small appliances. By this measure, about 4.8 million rural 

Bangladeshi households could compensate for a solar home system. 

At present the national grid is serving only 50% of the nearly 10,000 rural markets and 

commercial centers in the country which are outstanding market for centralized solar 

photovoltaic plants. Currently private diesel operators are serving in most of the off-grid rural 

markets and it has been set up that 82% of them are also interested in marketing SHS in adjacent 

areas if some sorts of encouraging financing arrangements are available. Throughout the country, 

different government administrative offices, NGO offices, Health Centers, Schools, banks, police 
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stations etc. are functioning. In the off-grid locations, these offices are either using traditional 

means (lantern, candles, kerosene wick lamps etc.) or operating their own diesel [14]. These 

offices have taken apart budgets for electricity or they can be easily served with solar 

photovoltaic applications is shown in table 1. 

 

Table 1: SHS’s installation up to February 2012. 

Partner Organization Number of SHSs Installed 

Grameen Shakti 750,657 

RSF 199,209 

BRAC 75,440 

Srizony Bangladesh 54,011 

Hilful Fuzul Samaj Kallyan Sangstha 32,630 

UBOMUS 23,651 

BRIDGE 19,148 

Integrated Development Foundation 12,618 

TMSS 11,787 

PDBF 9,869 

SEF 16,783 

AVA 10,564 

DESHA 9,593 

BGEF 13,684 

RDF 15,911 

COAST 6,181 

INGEN 8,487 

NUSRA 5,543 

RIMSO 7,651 

Shubashati 6,798 

REDI 4,933 
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1.2 Problem Statement 

Bangladesh is at this time faced with challenges arising inadequate energy. Electricity is the most 

expedient form of energy and a key factor for economic enlargement in any country. It cannot be 

replaced by other forms of energy.  The energy status is in confronted since the major power 

stations are run on natural gas, whose assets are now on the verge of diminution. 

At present, the country is facing an insistent electricity crisis owing to growth of almost each and 

every sector. According to the Bangladesh Power Development Board, the present peak hour 

scarcity of electricity is around 15-20% of generation. Due to the scarcity of fossil fuels, the 

government has alerted on the renewable energy technology - mostly solar energ . Among all the 

renewable energy technologies in general, and the solar energy conversion pathways in exacting, 

the solar photovoltaic (PV) conversion pathway is the most attractive and capable to manufacture 

electricity in large scale in Bangladesh. 

 

1.3 Objectives of The Thesis 

 

GHEL 5,209 

SFDW 4,981 

PMUK 2,046 

Patakuri 2,087 

ADAMS 2,433 

AFAUS 1,003 

Xenergeia 252 

Other 389 

Total 1,320,965 
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 To col1ect the solar irradiation and the maximum power data in Dhaka for (September & 

October) two months. 

 To analyze the data for getting the average irradiation and find the relationship between 

solar irradiance and power. 

 Cell efficiency is important is that it is a measure of the technological development that 

has gone into a product. 

 Develop a clear idea about the overall solar energy business. 

 To identify the marketing strategy of different government and non-government 

organization who are doing solar energy business in our country. 

 To study solar PV system of Bangladesh. 

 To assess the role of SHS on socio-economic development in Bangladesh.  

 To introduce Renewable Energy (RE) as an substitute solution for power generation. 

 

1.4 Solar Home System Scopes 

Investments in solar PV capacities are now speedily growing in both grid connected and off-grid 

mode. Solar generation has been a trustworthy source for supplying electricity in regions 

exclusive of access to the grid for long. The penetration of solar energy as a grid connected 

power source has increased significantly only in the last decade. Thus the overall share in net 

energy generation still remains low at only 1% (2015) globally and is bound to only amplify in 

future. PV system converts sunlight into electricity which is a renewable and free source of 

energy. Since sunlight is the fuel, unlike other conventional energy, there is no need 

transportation of fuel. One of the most important repayments is that the power can be generated 

locally where the power is to be consumed. PV generator can be as little as a few watts; 

therefore, combination of appropriate sizes of panels can give just the amount of power that is 

needed at each site. PV systems typically require very negligible maintenance because there are 

no moving parts. Time and money compulsory for maintenance is quite low. This is the primary 

improvement of a solar system when compared to any other form of electrical power generation. 

Solar insulation is the most abundant renewable energy source of Bangladesh. More than two-

third of the population lives in rural areas and a vast majority of them have no access to 

conventional grid electricity. The resulting electricity shortage is expected to obstruct sustainable 
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economic growth and is considered urgent issues in Bangladesh’s energy sector. Hence, rural 

electrification is an essential concern for making the development process inclusive and 

sustainable. That is why it is high time to be familiar with the important role that solar energy 

can play in addressing the development goals of the country. Based on the inferences on off-grid 

solar electricity presented in this study, the increased implementation of renewable energy 

ensures a constant power supply in rural areas that will improve energy access, circumstances of 

living standard, economic growth and climate change mitigation by reducing carbon footprint. In 

the present-day scenario, when moderating climate change and socio-economic concerns have 

been receiving awareness among the researchers and policy makers around the world; solar 

power highlights itself as a hopeful solution for sustainable development. This study concludes 

with an emphasis on the policy formulation by multilateral cooperation and calls for further 

research to regulate and streamline the technical, managerial and financial aspects of the 

program. Taking advantage of it we can supplement our regular life. Due to the constraints in the 

existing SHS set up, rural households will be enormously benefitted by introducing solar based 

mini/micro grid concept. 

 

1.5 Thesis Outline 

Chapter 1: Introduction. 

Chapter 2: Literature Review. 

Chapter 3: Solar Panel & Solar System. 

Chapter 4: Methodology. 

Chapter 5: Data Analysis. 

Chapter 6: Conclusion. 

                                 CHAPTER TWO 
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                                         Literature Review 

2.1 Introduction 

At present, 1.317 billion people i.e. 20.5% of the world’s inhabitants do not have access to 

electricity and most of these people live in the rural areas of Asia and Africa [15]. The first solar 

PV–based rural electrification project in Bangladesh was initiated with the monetary support of 

France, with a total installed capacity of 62 kilowatts peak (kWp), of which 29,414 kWp came 

from battery charge stations and the rest from SHS. To improve the socio-economic 

circumstance and alleviate poverty, electricity sector has been prioritized by all the Governments 

as a major agenda for sustainable development to alleviate global poverty and discrimination. 

Hence access to electricity has attained extensive global concentration in particular among the 

developing nations like Bangladesh, where mass of the population, around 77%, live in rural 

areas with the prevalence of near to the ground electrification rate of 56.8% [16]. Despite the 

hurried economic growth in Bangladesh (more than 6 percent growth in GDP), per capita 

accessibility of electricity of 293 kwh, which is one of the lower surrounded by the developing 

countries [17]. Rural electrification from beginning to end solar photovoltaic (PV) technology is 

promising and becoming more popular. Solar Home Systems are highly decentralized and 

particularly appropriate for remote, inaccessible areas, therefore, the business of solar power 

system was introduced by both governmental and nongovernmental organizations. Solar power 

systems are contributing a huge amount of energy and changing the current energy necessities, 

especially in rural areas of Bangladesh. At present there are 30 organizations conducting solar 

energy businesses in Bangladesh. LMFs live from hand to mouth as income from crop 

production is below subsistence level. This situation is more severe in inundated areas where 

agricultural land remains under water about one-third of the year and several cropping is 

vulnerable. Under these circumstances LMFs have 3–4 months to receive income from 

agricultural activities. They are often enforced to undertake loans during the slack season, to be 

repaid in the agricultural season, with returns from share-cropping that hardly meet repayments. 

These households endure from deficits that are often met by selling animal and tree resources, 

thus exacerbating the cycle of scarcity. Ecological imbalance is thus an important consequence 

of the poverty-directed spiral, as natural resources are transferred irreversibly into cash. The 
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main impediment is high initial costs. Lack of demonstration of the technology, limited 

awareness, and vagueness over after-sales service are the other barriers in the promotion of solar 

energy– based electricity [18]. 

 

2.2 Literature Review 

The evidence can be evaluated by taking the sales facts of Grameen Shakti (GS) on a yearly 

basis (Fig.2.1). The number of customers increases every year. At the end of 1997, there were 

only 228 solar systems installed, but by the end of 2015 the number had increased to 1,655,201 

(Fig. 2.1). 

The most familiar use of SHS is to light up place such as homes and shops. The other use of 

solar power is to run radios, televisions, cassette players and charge cellular phones. The 

reliability and recognition of the use of solar electricity as a substitute source of energy is 

becoming prevalent. Solar electricity is easy to install and comes with little maintenance cost and 

no monthly payments. 

 

 Figure 2.1: Year wise installation of Solar Home Systems.  
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Grameen Shakti (GS) is providing training about solar power technology to the local people to 

initiate their own business by using their skills, which is creating new jobs and reduces 

unemployment in Bangladesh, improving widespread [19]. 

Application of renewable energy in Bangladesh is not latest, but renewable electricity generation 

has been restrained to the demonstration stage. Current renewable energy technologies include 

solar (PV) as SHSs; solar cookers, dryers, water heaters, and tunnel dryers for crops; biogas; 

biomass briquetting machines; and improved cooking stoves. The first solar PV and largest 

installation was a 62 kW system in the Narshingdi district. The early occurrence from this 

demonstration project indicated potential for further applications [20]. 

Due to the shortage of fossil fuel worldwide and in Bangladesh, the need for definitive transition 

to alternative sources is crucial. The solar energy requires huge investment in expensive silicon 

panels. Solar panels covering a household rooftop would be hardly enough to supply its 

household requirements (without any conditioning), and would need widespread batteries for use 

at night. Wind speeds in Bangladesh, are too little for commercial practicability because of the 

impediment of the Himalayas to the North. lately, there has been an initiative in the West, to 

produce biodiesel from grain, a small percentage of which is mixed with gasoline. But, invention 

of biodiesel uses land that could have been or else used for edible foods [21]. 

 

2.3 Renewable Energy 

Renewable energy is commonly defined as energy that comes from resources which are as 

expected replenished on a human timescale such as 

sunlight,   wind, rain,  tides,  waves  and geothermal heat. Renewable energy replaces 

conventional fuels in four diverse areas: electricity generation, hot water/space heating, motor 

fuels, and rural (off grid) energy services. About 16% of global final energy consumption 

currently comes from renewable resources, with 10%  of all energy from conventional biomass, 

mostly used for heating, and 3.4% from hydroelectricity. New renewable (small hydro, modern 

biomass, wind, solar, geothermal, and bio fuels in fig: 2.1 account for another 3% and are 

growing quickly. At the national level, at least 30 nations around the world already have 
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renewable energy contributing more than 20% of energy supply. National renewable energy 

markets are projected to prolong to grow strongly in the coming decade and beyond. Wind power 

for example, is growing at the rate of 30% annually, with a worldwide installed capacity of 

282,482 megawatts (MW) at the end of 2012 [22]. 

 

Renewable energy resources survive over wide geographical areas, in contrast to other energy 

sources, which are concentrated in a imperfect number of countries. Rapid deployment of 

renewable energy and energy efficiency is resulting in significant energy security, weather 

change improvement and economic benefits [23]. 

 

 

Figure 2.2: Total world Energy Consumption. 
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Figure 2.3: Global renewable power capacity excluding hydro. 

 

Parts of renewable energy: 

1) Hydro Energy. 

2) Wind Energy. 

3) Bio Gas. 

4) Tidal Power. 

5) Solar Energy. 

 

2.3.1 Hydro Energy 

Being a plane country, Bangladesh is not in a favorable position for large-scale hydropower. 

There are small probable of diminutive and micro-hydropower in CHT region and greater Sylhet 

region. The total hydropower probable of the country in three locations (Kaptai, Sangu and 

Matamuhuri) is 1500 GWh/year (755 MW) of which about 1000 GWh/year (230 MW) has been 

harnessed at Kaptai through 5 units of hydropower plants is shown fig 2.2 [24]. Future 

development of hydropower at Sangu and Matamuhuri should be measured with due 

consideration to their harmful impacts on environment and on local population. 

http://upload.wikimedia.org/wikipedia/commons/6/65/GlobalREPowerCapacity-exHydro-Eng.png
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2.3.2 Wind Energy 

Wind energy has been utilized since earliest times as windmills for milling and water lifting in 

countries like Denmark, Norway and USA. In Bangladesh wind energy has found very 

inadequate applications, simply because of non-availability of consistent wind. Some costal 

locations of Bangladesh have fair wind speed between 4.0 and 4.5 m/s at 25m above sea level. 

Between 4.5 and 6 m/s at 50m above ground level which is good for wind turbine[25]. 

2.3.3 Bio-gas 

Agriculture based country Bangladesh has vast potential for utilizing biogas technology. Biogas 

is a fuel gas obtained from an aerobic (i.e. in the absence of oxygen) absorption of cattle dung, 

poultry droppings, human excreta, and agricultural residues. Bangladesh is in a favorable 

position in respect of accessibility of raw materials and the climatic conditions for biogas 

production. Cost is the most primary factor limiting the wide application of biogas [26].   

2.3.4 Tidal Power 

A mean head of at least five meters is regularly considered to be the minimum for viable tidal 

power generation. Therefore, there is very less potential viewpoint of tidal resource in 

Bangladesh. There may be scope of integrated tidal power plants in the coastal regions [27]. 

2.3.5 Solar Energy 

Bangladesh is located between 20.30 - 26.38o north latitude and 88.04 - 92.44o east, which is an 

ideal location for solar energy employment. However, the use of solar energy, as a commercial 

energy source has not yet received any popular recognition in the country. The availability of 

reliable and well-organized data on solar remoteness in the region is also limited. At present, 

solar isolation data (Figure 2.4) can be found from Institute of Renewable Energy (IRE), Dhaka 

University (DU)[28]. 

 

2.4 Present Status of Solar Energy in Bangladesh 
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Solar radiation varies from season to season in Bangladesh. So we might not get the same solar 

energy all the time. In “fig.2.4” the monthly average solar radiation pattern is shown. 

 

 

 

 

 

 

 

 

 

                    Figure2.4: Monthly average solar radiation profile in Bangladesh. 

 

 Daily average solar radiation varies between 4 to 6.5 KWh per square meter [11]. 

Maximum amount of radiation are obtainable in the month of March-April and smallest 

amount in December-January [29]. 

 According to IDCOL, the total capacity of solar energy based installations in Bangladesh 

appears to be 20.75 MW [30]. The amount is significant considering the increasing trend 

of the number of SHSs (Solar Home System) installations in the country. 
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Figure 2.5: Distribution of the Solar Home System in seven divisions in Bangladesh. 

The “figure. 2.5” shows the approximate division wise SHSs installation. The figure illuminates 

that the allotment of the SHSs is highest in the Dhaka district whereas lowest in the newly 

formed district Rangpur. 

 

2.5 Future Prospects of Solar Energy in Bangladesh  

In Bangladesh, there is a well-built possibility for solar energy, with an average daily isolation of    

4-6.5 kwh/m2 that falls around 300 days per annum and the maximum amount of radiation are 

working in the months of March-April and minimum on December-January [31]. Solar Thermal 

Energy Based Recharging Stations for Electric Vehicles is very much needed for the present 

situation of Bangladesh. The government has now promoting a variety of other renewable energy 

projects i.e. solar-powered transportation, rooftop solar system, solar cold storage and dryers, 

battery charging station. When these projects will come to light, then it will greatly influence the 

socio-economic condition of Bangladesh. Solar mini-grid and solar micro-grid as well as solar 

smart grid technology has already took the concentration of the government of Bangladesh. The 

solar diesel hybrid technology may also contribute to our energy emergency solution. 

According to a World Bank funded market survey, there is an existing market size of 0.5 million 

households for Solar Home Systems (SHS) on a fee-for-service basis in the off-grid areas of 

Bangladesh. This assessment is based on current spending levels on fuel for lighting and battery 

charging being substituted by SHS [World Bank, 1998].  

Also it has been observed that in most developing countries, households typically spend not 

more than 5% of their earnings on lighting and use of small appliances. By this measure, about 

4.8 million rural Bangladeshi households could pay for a solar home system. 
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At present the national grid is serving only 50% of the nearly 10,000 rural markets and 

commercial centers in the country which are excellent market for centralized solar photovoltaic 

plants. Currently private diesel operators are allocating in most of the off-grid rural markets and 

it has been found that 82% of them are also concerned in marketing SHS in surrounding areas if 

some sorts of favorable financing arrangements are accessible. Throughout the country, different 

government administrative offices, NGO offices, Health Centers, Schools, banks, police stations 

etc. are functioning. In the off-grid locations, these offices are either using traditional means 

(lantern, candles, kerosene wick lamps etc.) or operating their own diesel. These offices have 

divide budgets for electricity and they can be easily served with solar photovoltaic applications. 

 

2.4 Advantage and Disadvantage of Solar Energy 

Advantage of Solar Energy: 

1.  Solar energy is a clean and renewable energy source.  

2. Once a solar panel is installed, solar energy can be produced at no cost of charge. 

 3. Solar energy will last without end whereas it is estimated that the world’s oil reserves will last 

for 30 to 40 years. 

 4. Solar energy causes no pollution. Solar cells make completely no sound at all. On the other 

hand, the giant machines utilized for pumping oil are tremendously noisy and therefore very 

impractical.  

5. Very little maintenance is needed to keep solar cells running. There are no stirring parts in a 

solar cell which makes it unworkable to really damage them.  

6. In the long term, there can be a high return on investment due to the amount of free of charge 

energy a solar panel can produce, it is estimated that the average household will see 50% of their 

energy coming in from solar panels.  

Disadvantage of Solar Energy: 
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1.  Solar panels can be luxurious to install resulting in a time-lag of many years for reserves on 

energy bills to match original investments. 

 

 2. Electricity generation depends totally on a countries exposure to sunlight; this could be 

limited by a countries climate. 

 

 3. Solar power stations do not go with the power output of similar sized conventional power 

stations; they can also be very expensive to manufacture. 

 

4. Solar power is used to charge batteries so that solar powered devices can be used at night. The 

batteries can often be big and heavy, taking up space and needing to be replaced from time to 

time [32]. 

 

 

2.7 Summary 

Electricity is the most important source of power for most of the country's economic activities. 

Bangladesh's total installed electricity generation capacity (including captive power) was 15,351 

megawatts (MW) as of January 2017. As 2015, 92% urban population and 67% rural population 

have the admittance to the electricity for their source of light. An average of 77.9% of the 

population has the access to electricity in Bangladesh. Bangladesh will need an estimated 34,000 

MW of power by 2030 to keep going its economic growth of over 7 percent. Troubles in 

Bangladesh's electric power sector contain high system losses, delays in achievement of new 

plants, low plant efficiency, erratic power supply, electricity theft, blackouts, and shortages of 

funds for power plant maintenance. 
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         CHAPTER THREE 

Solar Panel & Solar System 

 

3.1 Introduction 

According to the International Energy Agency, solar PV installed capacity had reached around 

227 GW by end of calendar year 2015 [33].Capacity has amplified tenfold since 2008, 

producing more than 1.3% of all the electricity requirement globally. In addition to a number of 

policy, regulatory and market initiatives that have been taken by many governments across the 
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globe, the cost economics of polysilicon has also been a key driver of this progress in solar PV. 

As can be seen in Figure 15, the price of polysilicon is not directly proportional to capacity 

accompaniments in solar PV (after 2008). Historically, solar PV was not measured to be a 

mainstream energy source, and was characterized by very low cell efficiencies and high prices 

of polysilicon. Most of the polysilicon produced before 2005 was used by the IT industry and 

hence, there was a supply constraint. Policy targets to combat climate change and addition of 

considerable capacity of solar PV by many developed countries such as Germany, the United 

States and Japan pushed investments in polysilicon progressively and by 2008-09 there was a 

glut in polysilicon market. This resulted in extreme fall in polysilicon prices and hence overall 

solar PV prices, attracting enormous investments in the sector. In fact, the glut in market was so 

big that many big industry players had to close down their polysilicon manufacturing 

conveniences, due to disappearing profit margins and struggles to be cost-competitive with 

Chinese output. A complete solar PV system is a consolidated package of various elements. 

These elements are different and are integrated through substantial effort by various players 

across a very large supply chain consisting of different major components including the solar 

modules and the balance of system (BOS) – inverter, mounting structures, electrical 

infrastructure and (in some cases) energy storage[34]. 

It is also very important to refer to that improvement in cell efficiencies lately has 

also played a vital role in qualifying solar PV as an important source of energy. 

 

3.2 Solar Panel 

A solar panel is a set of solar photovoltaic modules electrically associated and mounted on a 

supporting structure. A photovoltaic module is a packaged, connected assembly of solar cells. 

The solar panel can be used as a module of a larger photovoltaic system to generate and supply 

electricity in commercial and residential applications. Each module is rated by its DC output 

power under standard test conditions (STC), and classically ranges from 100 to 320 watts. The 

efficiency of a module determines the area of a module given the same rated output - an 8% 

efficient 230 watt module will have twice the area of a 16% efficient 230 watt module [35]. A 

http://en.wikipedia.org/wiki/Module
http://en.wikipedia.org/wiki/Solar_cell
http://en.wikipedia.org/wiki/Solar_power
http://en.wikipedia.org/wiki/Direct_current
http://en.wikipedia.org/wiki/Solar_cell_efficiency
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single solar module can produce only a imperfect amount of power; most installations contain 

multiple modules. A photovoltaic system typically includes a panel or an array of solar modules, 

an inverter, and sometimes a battery and/or solar tracker and interconnection wiring [36]. 

 

 

 

 

 

 

Figure 3.1: A solar array composed of a solar panel with 24 solar modules in rural area. 

Solar panels manufacture electricity from sunlight. The first solar panel-powered 

satellite was launched in 1958 by Hoffman Electronics [37]. 

The first solar PV–based rural electrification project in Bangladesh was initiated with the 

monetary support of France like as in fig: 3.1, with a total installed capacity of 62 kilowatts 

peak (kWp), of which 29,414 kWp came from battery charge stations and the rest from SHS 

[38]. A solar panel consists of number of photovoltaic (PV) solar cells connected in series 

and parallel. These cells are made up of at least two layers of semiconductor material 

(usually pure silicon infused with boron and phosphorous). One layer has a positive charge; 

the other has a negative charge [39]. When sunlight strikes the solar panel, photons from the 

light are absorbed by the semiconductor atoms, which then release electrons. The electrons, 

flowing from the negative layer (n-type) of semiconductor, flow to the positive layer (p 

type), producing an electrical current. Since the electric current flows in one way (like a 

battery), the electricity generated is DC. 

 

3.3Kinds of Solar Energy 

There are two kinds of solar energy. 

http://en.wikipedia.org/wiki/Photovoltaic_system
http://en.wikipedia.org/wiki/Inverter_(electrical)
http://en.wikipedia.org/wiki/Battery_(electricity)
http://en.wikipedia.org/wiki/Solar_tracker
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             1. Electricity Production (Photovoltaic or PV Technology) 

             2. Water Heating (Solar Thermal or Flat Plate Technology)[40]. 

 

3.4 Photovoltaic Solar Power 

Solar energy is energy that is present in sunlight. It has been used for thousands of years in many 

different ways by people all over the world. As well as its traditional human uses in heating, 

cooking, and drying, it is used today to construct electricity where other power supplies are 

absent, such as in remote places and in space. It is becoming cheaper to make electricity from 

solar energy and in many situations it is now competitive with energy from coal or oil. The most 

common kind of solar energy is photovoltaic cells are shown in fig 3.2, which directly convert 

light to electricity. Photovoltaic (PV) cells develop semiconductor technology to translate solar 

radiation directly into an electric current which can be used immediately or stored for future use 

[41].PV cells are often grouped in the form of “modules” to produce arrays which have the 

ability to produce 

power for orbiting 

satellites and other 

spacecraft. 

 

 

 

 

 

 

 

 

 

 

Figure 3.2: Photovoltaic Solar Power. 

 

Recently, with the continual refuse of manufacturing expenses (declining 3% to 5% per year in 

recent years) , uses of PV technology have grown to include home power generation, and grid-
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connected electricity generation[42]. Installations of PV systems have also been growing due in 

large part to comprehensive incentive programs which assist condense the costs of these systems 

and also permit users to advertise overload electricity back to the public grid.  

With the growing necessitate of solar power new technologies are being introduced and 

accessible technologies are rising. There are four types of solar PV cells [43]. 

1. Single crystalline or mono crystalline. 

2.  Multi- or poly-crystalline. 

3. Thin film. 

4. Amorphous silicon. 

3.4.1 Single Crystalline or Mono Crystalline 

It is far and wide presented and the most efficient cells resources among all. They produce the 

most power per square foot of module. Each cell is cut from a single crystal. The wafers then 

further cut into the shape of rectangular cells to take advantage of the number of cells in the solar 

panel. 

 

 

3.4.2 Polycrystalline Cells 

They are completed from similar silicon material except that instead of being grown into a single 

crystal, they are melted and poured into a shape. This forms a square block that can be cut into 

square wafers with less throw away of space or material than round single-crystal wafers. 

 

3.4.3 Thin film panels 

It is the most topical technology introduced to solar cell technology. Copper indium dieseline, 

cadmium telluride, and gallium arsenide are all thin film resources. They are straight deposited 

on glass, stainless steel, or other well-matched substrate materials. Some of them perform 

slightly better than crystalline modules beneath low light circumstances. A thin film is very thin-

a few micrometer or a less important amount. 

 

3.4.4 Amorphous Silicon: 
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Amorphous silicon is most recent in the thin film technology. In this technology unstructured  

Silicon vapor is deposited on a couple of micro meter thick amorphous films on stainless steel 

rolls. Compared to the crystalline silicon; this technology uses only 1% of the material [44].  

 

3.5 Components of a Solar PV System 

A typical solar PV system consists of solar panel, charge controller, batteries, inverter and the 

load. Figure 3.3 shows the block diagram of such a system. 

 

 

 

 

Figure 3.3:  Block diagram of a typical solar PV system [45]. 

 

3.5.1 Charge controller 

When battery is integrated in a system, the requirement of charge manager comes forward. A 

charge controller controls the doubtful voltage build up. In a bright sunny day the solar cells 

produce more voltage that can lead to battery harm. A charge controller helps to preserve the 

balance in charging the battery [46]. 

 

3.5.2 Batteries 

To accumulate charges batteries are used. There are many types of batteries accessible in the 

market. But all of them are not appropriate for solar PV technologies. Mostly used batteries are 

nickel/cadmium batteries. There are some other types of high energy density batteries such as- 

sodium/sulphur, zinc/bromine pour batteries. But for the medium term batteries nickel/metal 

hydride battery has the best cycling piece. For the long term option iron/chromium and zinc or 
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manganese batteries are the greatest. Absorbed Glass Mat (AGM) batteries are also one of the 

best accessible options for solar PV utilize [47]. 

 

3.5.3 Inverter 

Solar panel in fig 3.4 generates dc electricity but most of the household and industrial appliances 

need ac current. Inverter converts the dc current of panel or battery to the ac current. We can 

partition the inverter into two categories. Commonly available inverters can output in I or 3 

phase, 50 or 60 hertz, and 117 or 220 volts, and can range in constant output power from a few 

hundred 

Watts to thousand of kilowatts. huge utility scale inverters are made to output at 480 volts AC or 

higher and have capacities beyond 1000 kilowatts [48]. 

They are. 

 Stand alone and 

 Line-tied or utility-interactive. 

 

 

 

 

 

 

 

 

Figure 3.4: Residential grid connected PV system. 
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3.6 Tracking Systems 

Tracking systems ‘fig 3.5’ are hardware devices frequently used on pole mounted solar arrays to 

permit the positioning of the solar panels to pursue the movement of the sun.  This helps make 

certain that there is maximum exposure for the solar cells.  A tracking system can enlarge the 

output of your PV system by up to 30% in the summer and 15% in the winter over non-tracked 

systems. Tracking systems are usually confidential as being either passive or active. In a passive 

system the tracker follows the sun from east to west with no using any type of electric motor to 

power the movement. Instead the system rotates from a arrangement of heat and 

gravity.  Because no external foundation of electricity is needed such systems are ideal for 

remote off-the-grid scenarios or use with water pumping systems where climax the peak 

command is in the summer. Tracking systems are also sometimes confidential as to the number 

of axis they track against.  Simple one axis systems rotate only left to right rather than in an 

arch.  A two axis tracking system will track both left to right and up and down.  This allows it 

more correctly to follow the true arch of the sun right through the day. 

Passive tracking systems have some limitations.  First, they are somewhat vulnerable to high 

winds which can throw the tracker off the proper direction.  They can also be somewhat sluggish 

in getting moving in cold temperatures because they are mechanically rather than electronically 

driven. 
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                                                      Figure 3.5: Tracking System. 

Active tracking systems are powered by small electric motors and necessitate some type of 

organize module to direct them. They are comparable in approach to the systems supporting 

giant TV dishes.  Active systems necessitate some electric power which can come from an 

external source or from the solar panels themselves depending upon the model[49]. 

The big question with trackers is whether or not the supplementary cost, of a tracking system, 

both initial cost and maintenance cost, is justified by the additional electric power they 

generate.  Tracking systems require preservation and add a good bit of complexity to the system 

simply  

 

3.7 Solar Generation Technology 

There are two possibilities to Generate power from Solar Energy. 

3.7.1 Roof Top System 

In this segment, you can install solar power plant on your roof, produce electricity in the day 

time and directly exchange them into AC power and utilize for loads during day time or export to 

Grid and save on EB Bills. This system is the largest part common for applications above 100 

KW up to MW size. In this system, you can only use solar power when produced and not stored 

at all. 

 

3.7.2 Off Grid System 

In this segment, you can install solar power plant on your roof top, generate electricity and 

accumulate it in the battery. The system functions in such a manner – the battery is charged main 

concern by solar power and if not by EB power. When the battery is full, if the solar power is 

available – then the load is associated to solar power – even when EB power is available. When 
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solar is not available, if the battery is full – the load is connected to EB power if available. When 

both Solar and EB power is not available – the load is supplied from battery. Usually these 

systems are highly suitable for power engrave situations and for capacities ranging from 1 KW to 

100 KW. 

 

3.8 Kinds of Solar Energy 

There are two kinds of solar energy. 

             1. Electricity Production (Photovoltaic or PV Technology) 

            2. Water Heating (Solar Thermal or Flat Plate Technology)[50]. 

 

3.9 Photovoltaic Modules 

PV modules are completed from solar cells connected in series and parallel to acquire the desired 

current and voltage levels. Solar cells are encapsulated as they have to be weatherproofed and 

electric associates also have to be tough and corrosion free. The typical manufacture of a PV 

module can be seen in figure 3.6. 

 

 

 

                                           Figure 3.6:  PV Module typical construction.  
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As the cells are brittle, they are encapsulated in an airtight layer of Ethylene Vinyl Acetate 

(EVA), a polymer, so the cells are cushioned and in that way are confined during transport and 

handling. The top cover is a tempered glass treated with an antireflection coating so the greatest 

light is transmitted to the cell. The underneath is a sheet of polyvinyl fluoride (PVF), also known 

Tedlar, a synthetic polymer (CH2CHF)n that constitutes a barrier to moisture and prevents the 

cell from chemical attack. An aluminum frame is used to make simpler mounting and handling 

and to give additional protection. Frameless modules are sometimes used in facades for aesthetic 

reasons. This typical construction is used because the PV module has to “survive” outdoors for at 

least 20-25 years under diverse weather conditions, sometimes extreme. This construction 

assures at least the lifetime of the PV modules. In fact, PV panel manufacturers provide a 

guarantee of at least 20 years, for example BP Solar assures 85 % of least amount warranted 

power output after 25 years of service, 93 % of the minimum warranted power output at 12 years 

and a five-year warranty of materials and workmanship[51]. Such a long guarantee is 

tremendously long compared to most products and is due to the special construction of PV 

modules.  

 

3.10 Solar Cell  

A solar cell or photovoltaic cell in fig 3.7 is an electrical device that converts the energy 

of light unswervingly into electricity by the photovoltaic effect. It is a form of photoelectric cell, 

definite as a device whose electrical characteristics, such as current, voltage, or resistance, vary 

when exposed to light. Solar cells are the construction blocks of photovoltaic modules, or else 

known as solar panels. 

Solar cells are described as being photovoltaic irrespective of whether the source is sunlight or 

an artificial light. They are used as a photo detector (for example infrared detectors), detecting 

light or other electromagnetic radiation near the noticeable range, or measuring light intensity. 

The operation of a photovoltaic (PV) cell requires 3 basic attributes [52]: 

 The combination of light, generating either electron-hole pairs or exactions. 

 The separation of charge carriers of opposite types. 

http://en.wikipedia.org/wiki/Light
http://en.wikipedia.org/wiki/Electricity
http://en.wikipedia.org/wiki/Photovoltaic_effect
http://en.wikipedia.org/wiki/Solar_panels
http://en.wikipedia.org/wiki/Photovoltaic
http://en.wikipedia.org/wiki/Sunlight
http://en.wikipedia.org/wiki/Photodetector
http://en.wikipedia.org/wiki/Infrared_detector
http://en.wikipedia.org/wiki/Electromagnetic_radiation
http://en.wikipedia.org/wiki/Electron
http://en.wikipedia.org/wiki/Electron_hole
http://en.wikipedia.org/wiki/Excitons
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 The separate withdrawal of those carriers to an external circuit 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.7:  Solar Cell 
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Figure 3.8:  Structure of Solar cell. 

 

The basic steps in the procedure of a solar cell are as in fig 3.8 and fig 3.9: 

 The generation of light-generated carriers; 

 The collection of the light-generated carries to generate a current; 

 The generation of a large voltage across the solar cell; and 

 The indulgence of power in the load and in parasitic resistances. 
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                                     Figure 3.9: I-V characteristics of the PV cell [53].  
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3.11 Conclusion 

Photovoltaic technologies, used properly, may improve the eminence of life of rural people and 

provide income-generating opportunities. Sustainable development through new technologies 

requires a model that exclusively addresses social, economic, and environ-mental issues. This 

solar-based project describes how an appropriate framework may make available these elements, 

creating income-generating behavior while alleviating poverty and conserving natural resources. 

The Bangladesh practice shows that countryside electrification through solar power can best be 

disseminated through the use of demonstrations; this approach generates required from nearby 

communities. In supporting solar power generation in rural areas, concentration must be paid to 

local ownership with an suitable mix of personality and collective ownership and management. 

Ensuring locally produced and accessible mechanism is also imperative in developing support 

for this technology. given that electricity for meeting lighting needs of households and rural 

markets can yield positive results, including improvements in quality of life and increasing 

income and employment opportunities. Grameen Bank and BRAC, which currently provide 

micro-credit to rural poor individuals, to the provision of larger loans to village businesses for 

RETs. Solar electricity businesses surrounded by the constraint of an investment of Tk. 200,000, 

current energy resources, and energy demand—would be able to provide employment to two-

fifths of LMFs in the study villages. These impact can mean that a developing country can more 

rapidly achieve the MDGs. The move toward used in Bangladesh could be equally appropriate to 

the other developing countries with similar socioeconomic conditions.  

 

 

          CHAPTER FOUR 
METHODOLOGY 
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4.1 Introduction 

In this section, I will discuss the process of data collection method and research tools. The 

primary data that we collected from our study area. 

 

4.2 Site Selection 
 

A study area (Fig-4.1) is a place where we collect data for our necessary work. Our study area 

has established in Daffodil International University Administrative Building rooftop. It is 

situated Dhaka 1215, Bangladesh. Different types of solar panel have installed their as 45W,60W 

and 100W. We study the performance analysis the power of 100W off grid solar panel. 

 

Figure 4.1: Study Area. 

 

 

 

4.3 Satellite View 
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Figure 4.2 Satellite View. 
 

4.4 System Design 

 

Figure 4.3 System Designs (100W). 

4.5 Research Machineries & Tools 

Panel 100W 
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Some tools have been used to collect data such as I-V 400w, temperature sensor, 45W solar 

panel, irradiation sensor (HT304N). 

 

4.5.1 45W Solar Panel 

The cells of the solar made in Germany. To measure power in Standard Test Condition (STC) 

cell temperature is 25°C. These solar cells made in Germany and the efficiency of the 45W panel 

is 14%. 

 

4.5.1.1 Electrical Specifications 

Maximum power:   100W 

Open circuit voltage:  22.68V 

Short circuit current:  5.60A 

Voltage at maximum power: 19.12V 

Current at maximum power: 5.23A 

Module dimension:  1100*680*35mm 

Module weight:  8.1KGS3% 

 
 

 

                 Figure 4.4: 100W Solar Panel. 

4.5.2 I-V 400W 



 
 38  © Daffodil International University 

I-V 400w enables to measure of the I-V characteristic of the main characteristic parameters both 

of a single module and of a whole photovoltaic system up to a maximum of 1000V and 10A. The 

obtained data are then treated to anticipate the I-V characteristic under standard test conditions 

(STC) and comparing with rated data. Irradiation and temperature sensor plays a tremendous role 

for extrapolation of the I-V characteristic under the standard test conditions. Open circuit voltage 

and short circuit current can measure through the device. With a mobile device, 

HTANALYSIS™ helps to determine and understand problems may have the in-PV Installations. 

 

    
    

Figure 4.5: I-V 400 W Photovoltaic Panel Analyzer. 

 
 

 

 

4.5.2.1 Electrical Specifications 
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Table-4.1: range, resolution and accuracy 

Parameter Range (V) Resolution (V) Accuracy 

VDC Voltage @ OPC 5.0  999.9 0.1   (1.0%rdg+2dgt) 

IDC Current @ OPC 0.10 10.00  0.01  (1.0rdg+2dgt) 

Max Power @ OPC 
(Vmpp>30V, 

Impp>2A) 

50 9999  1  (1.0%rdg+6dgt) 

VDC Voltage (@ STC 

and OPC), IVCK 
5.0 999.9  0.1  (4.0rdg+2dgt) 

IDC Current (@ STC 

and OPC), IVCK 
0.10 10.00  0.01  (4.0rdg+2dgt) 

Max Power @ STC 

(Vmpp>30V, 
Impp>2A) 

50 9999  1  (5.0%rdg+1dgt) 

Irradiance (with 

reference cell) 
1.0 100.0  0.1  (1.0rdg+5dgt) 

Temperature of module 
(with auxiliary PT1000 

probe) 

-20.0 100.0  0.1  (1.0rdg+1°C) 

 

4.5.2.2General Specifications 

 

DISPLAY AND MEMORY: 

Features: 128x128pxl custom LCD with backlight 

Memory capacity: 256kbytes 

Saved data: 249 curves (I-V curve test), 999 IVCK 

 

POWER SUPPLY: 

SOLAR I-V internal power supply: 6x1.5V alkaline batteries type LR6, AA, AM3, and MN 

1500 

Autonomy of SOLAR I-V: > 249 curve (I-V curve test), 999 IVCK test 

Approx 120 hours (yield test) 

SOLAR-02 power supply: 4x1.5V alkaline batteries type AAA LR03  

SOLAR-02 max recording time (@ IP=5s): approx 1.5h 

 

 

 

OUTPUT INTERFACE 
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PC communication port: optical/USB 

Interface with SOLAR-02: wireless RF communication (max distance 1m) 

 

MECHANICAL FEATURES 

Dimensions (L x W x H): 235 x 165 x 75mm 

Weight (batteries included): 1.2kg 

 

ENVIRONMENTAL CONDITIONS: 

Reference temperature: 23°C ± 5°C 

Working temperature: 0° ± 40°C 

Working humidity: <80%HR 

Storage temperature (batt. not included): -10 ± 60°C 

Storage humidity: <80%HR 

 

GENERAL REFERENCE STANDARDS: 

Safety: IEC/EN61010-1 

Safety of measurement accessories: IEC/EN61010-031 

I-V curve measurement: IEC/EN60891 (I-V curve test) 

IEC/EN60904-5 (Temperature measurement) 

Insulation: double insulation 

Pollution degree: 2 

Overvoltage category: CAT II 1000V DC, CAT III 300V AC to ground 

Max 1000V among inputs P1, P2, C1, c2 

Max altitude of use: 2000m 

 

 

 

 

 

 

 

4.5.2.3 Temperature Sensor 
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It senses temperature from the solar cell and sends data to the I-V 400w. 

 

                      Figure 4.6: Temperature Sensor. 

4.5.2.4 Irradiation Sensor (HT304N) 

This device (Fig. 35) can able to measure as MONO PANELS or MULTI PANELS. It is a 

passive sensor and does not necessary any power supply. 

 

 
 

  Figure 4.7: Irradiation Sensor. 

 

4.5.2.4.1Technical Specifications 
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Table-4.2: range & accuracy 

Parameter Range [W/m2] Accuracy 

Irradiation 50 ÷ 1400  ±3.0% of readings 

 

4.5.2.4.2General Specifications 

Available reference cells: MONO Crystalline and MULTI Crystalline Silicon  

Guidelines 

Safety: IEC/EN 61010-1  

Technical literature: IEC/EN 61187  

Calibration: IEC/EN 60904-2  

Mechanical protection: IP65 in compliance with IEC/EN 60529  

Pollution degree: 2  

Mechanical characteristics  

Dimensions (LxWxH): 120x85x40 mm  

Weight: 260g  

 

Environmental conditions 

Working temperature: -20°C ÷ 50°C  

Storage temperature: -20°C ÷ 60°C 
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4.6 Flow Chart 

A flowchart is a type of diagram that represents a workflow or process. The flowchart displays 

the steps as boxes of numerous kinds and their order by connecting the boxes with arrows. We 

used flowcharts in analyzing, documenting or managing a process or program in different fields. 

 

     

 

 

 

 

 

 

 

 

 

 

 

Figure 4.8:  Flow Chart. 
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4.7 I-V 400 W Calibration 

Before starting the measurement, we must have to calibrate I-V 400 W. For I-V 400 W 

calibration parameters has given below Table-4 

Table-4.3 :I-V 400 W Calibration. 

 

Pmax 100 W 

Voc 22.62 V 

Vmpp 19.12 V 

Isc 5.60 A 

Impp 5.23 A 

Toll- 1.0 W 

Toll+ 1.0W 

Alpha 0.033 %/°C 

Beta -0.34 %/°C 

Gamma -0.42 %/°C 

Noct 45 °C 

Tech. STD 

Rs 1 Ω 

Degr 0.0 %/yr 

 

4.8 Data Measurement Technique 

In May, we collected data from sunrise to sunset (time 5.14 to 18.35) and used I-V 400w 

photovoltaic panel analyzer to measure data. Firstly, setting up irradiation and temperature 

sensorconnect with I-V 400 W photovoltaic panel analyzer. Secondly, 100 W solar panel output 

cables connected with I-V 400 W. The measured data was in Standard Test Condition 

(STD).form then which we converted these data into Operational Condition (OPC) form. 
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Table- 4.4: Data Sample of 100w panel on 16 Sep 2018   

SL Time (Sunrise to 
Sunset) 

Irradiance 
(W/m2) 

Voltage 
(V) 

Current 
(I) 

Vmpp(V) Impp(I) 
Fill 

factor 

Pmax 
(W) 

1 5:44 0 
     

0 

2 6:44 94 19.2 0.61 15.7 0.51 0.69 8.007 

3 7:44 111 19.3 0.73 14.9 0.66 0.69 9.834 

4 8:44 154 19.6 1.04 15.5 0.94 0.72 14.57 

5 9:44 384 19.8 2.31 15.9 2.07 0.72 32.913 

6 10:44 810 19.1 5.21 14.5 4.52 0.66 65.54 

7 11:44 831 19.2 5.35 14.5 4.63 0.65 67.135 

8 12:44 885 19.2 5.41 14.6 4.6 0.68 67.16 

9 13:44 702 19.2 4.36 15.3 3.8 0.7 58.14 

10 14:44 624 19.4 3.81 15.1 3.45 0.71 52.095 

11 15:44 423 19.5 2.51 15.6 2.27 0.72 35.412 

12 16:44 133 19.7 1.01 16.2 0.77 0.63 12.474 

13 17:44 53 18 0.3 14.4 0.25 0.67 3.6 

14 18:01 0 
     

0 

 

 

 

Table-4.4 represents parameter-wise data of a single day (Sep 16, 2018) starting from sunrise to 

sunset. 

Where,  

Voltage(V) = Open circuit Dc voltage 

Current(I) =  Short circuit Dc current 

Vmpp(V) =  Voltage at maximum power  

Impp(I) =  Current at  maximum power   

Fill Factor     =  Vmpp*Impp  / Voltage(V)*Current(I)    
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CHAPTER FIVE 

 Data Analysis 

 

 

5.1 Introduction: 

In this chapter we will explore on efficiency of 100w panel, solar irradiance, power generation 

from 100W solar panel, three solar panels power production in percentage, sunny days and rainy 

days power graph of September month and analysis our data with previous data . 

 

4.2 Calculation of Panel Efficiency  

Table 5.1: 100w SolarPanel efficiency of September 2018 

Date 

 

 

 

 

 

 

Irradiance 

   (W/m
2
) 

Area of 

panel 

(m
2
)  

Equivalent 

power of 

irradiance 

(W)  

Output 

power, 

Pmax 

(W) 

Efficiency 

Ƞ%  

Average 

Efficiency 

 

 

1-Sep 263 0.75 197.25 15.7 7.96%  

2-Sep 426 0.75 319.5 25.9 8.11%  

3-Sep 288 0.75 216 25.3 11.71%  

4-Sep 258 0.75 193.5 12.7 6.56%  

5-Sep 385 0.75 288.75 19.6 6.79%  

6-Sep 314 0.75 235.5 18.3 7.77%  

7-Sep 410 0.75 307.5 22.3 7.25%  

8-Sep 352 0.75 264 20.3 7.69%      8.33%  

9-Sep 430 0.75 322.5 22.2 6.88%  

10-Sep 337 0.75 252.75 18.9 7.48%  

11-Sep 424 0.75 318 20.7 6.51%  

12-Sep 369 0.75 276.75 18 6.50%  
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13-Sep 177 0.75 132.75 5.9 4.44%  

14-Sep 219 0.75 164.25 12.3 7.49%  

15-Sep 260 0.75 195 18 9.23%  

16-Sep 400 0.75 300 30 10.00%  

17-Sep 419 0.75 314.25 30.7 9.77%  

18-Sep 489 0.75 366.75 29 7.91%  

19-Sep 445 0.75 333.75 31.6 9.47%  

20-Sep 502 0.75 376.5 34.5 9.16%  

21-Sep 370 0.75 277.5 25.2 9.08%  

22-Sep 457 0.75 342.75 31.8 9.28%  

23-Sep 436 0.75 327 29.4 8.99%  

24-Sep 472 0.75 354 32 9.04%  

25-Sep 386 0.75 289.5 22 7.60%  

26-Sep 211 0.75 158.25 14.63 9.24%  

27-Sep 236 0.75 177 11.6 6.55%  

28-Sep 479 0.75 359.25 35.7 9.94%  

29-Sep 425 0.75 318.75 36.8 11.55%  

30-Sep 375 0.75 281.25 28 9.96%  

 

In this part we are going to find out the results. From the each of day reading we have the 

irradiance (Irr) of the solar home system and we have the output power (Pmax). In the result 

table we are trying to find out the efficiency of the solar home system. But in this case we 

haven’t the input power of the solar home system, we only have the irradiance and the area of the 

solar home system. The unit of the irradiance  is W/m2 and the unit of area is m2. If we multiply 

this two units we will get input power of solar panel. So in this way we can get the input power 

of the solar home system. Here we know that, 

                         Efficiency Ƞ = Output power/Input power 

 

Here in this table 4.1 we count the efficiency 100w solar home system of September 2018 by the 

formula of find the efficiency, which is Efficiency = (output of power/input of power). We get 

the input power by multiply the irradiance and area of that panel. Hera the average efficiency is 

8.33%. 
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5.3 Comparison of Power Among 100w, 60w and 45w Solar Panel 
 

Figure-5.1 shows the generated power from 100W, 60Wand 45W solar panel on 5th October, 

2018.On the other hand, Figure-5.2 portrays that, the power productions  higher in 100W panel 

than the other two. The 100W panel generates 51% power, whereas 60W generates 28% and 45 

generates 21% power. 

 

 

Figure 5.1:Power of 100W, 60W and 45Wpanel. 

 

 

Figure 5.2:Power of 100W, 60W and 45W panel. 
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5.4 Irradiance Graph of September and October (100W solar panel) 

 

 

 

Figure 5.3: Irradiance of September. 

 

Figure-5.3 shows the data of solar irradiation of September 2018. On 20 September 2018, the 

highest value of solar irradiance was measured that was 502 W/m2 and on 13 September 2018, 

the lowest value of irradiance was found that was 177 W/m2 and the main reason behind this 

situation was sunny day and rainy day. During the sunny day we have gotten the highest value 

and for rainy day we have gotten the lowest value. Moreover, September 2018 monthly average 

irradiation is 367.13 W/m2 per day or 8.81 KWh/m2/day. 
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Figure 5.4:Irradiance of October. 

 

 

Figure-5.4 shows the data of solar irradiation of October 2018. On 27 October 2018, the highest  

value of solar irradiance was measured that was 525 W/m2 and on 12 October 2018, the lowest 

value of irradiance was found that was 48 W/m2 and the main reason behind this situation was 

sunny day and rainy day. During the sunny day we have gotten the highest value and for rainy 

day we have gotten the lowest value. Moreover, October 2018 monthly average irradiation is 300 

W/m2 per day or 7.2 KWh/m2/day. 
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5.5 Power Graph of September and October (100 Watt solar panel) 

 

.                                            Figure 5.5:Power generation of September. 

 

Figure-5.5 represents the daily average power generation curve of 100 W solar panel in 

September 2018. On 29 September 2018, we have found the highest value of maximum power 

(36.8W) and the lowest value of minimum power (5.9W) in 13 September 2018. Monthly 

average power is 23.3 W. 

 

Figure 5.6:Power generation of October. 
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Figure-5.6  represents the daily average power generation curve of 100 W solar panel in October 

2018. On 27 September 2018, we have found the highest value of maximum power (36.5W) and 

the lowest value of minimum power (3.2W) in 13 September 2018. Monthly average power is 

22.23 W.Figure-5.7 shows the comparison of power between September and October. Here, we 

can observe that, in the month of September the generation of power is higher than October. 

 

 

Figure 5.7:September and October month power. 
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5.6  Rainy Days and Sunny Days Power Graph of September and 

October (100 watt solar panel) 
 

Figure-5.8 shows the data of power regarding of rainy days in September 2018: During rainy 

day’s  we got the highest power (22W) and lowest (5.9W) . In rainy day’s  we measured our data 

every hour. The average power of rainy day’s was (14.6W) 

 

 

Figure 5.8: Rainy days power of September. 

 

 

Figure 5.9: Sunny day’s power of September. 

 

Figure-5.9 shows the data of power regarding the sunny days of September 2018: During sunny 

day’s we get the highest power (36.8W). In sunny day, we measured our data every hour. The 

average power of sunny day is (26.46W.) 
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Figure-5.10 shows the data of power regarding of rainy days in October 2018: During rainy 

day’s  we got the highest power (15.8W) and lowest (3.2W) . In rainy day’s  we measured our 

data every hour. The average power of rainy day’s was (7.9W). 

 

 

Figure5.10: Rainy days power of October. 

 

 

Figure 5.11: Sunny day’s power of October. 

 

Figure-5.11 shows the data of power regarding the sunny days of October 2018: During sunny 

day’s we get the highest power (36.5W). In sunny day, we measured our data every hour. The 

average power of sunny day is (27.22W). 
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5.7 Less Power Producedwith Respect to Irradiance 

 

Generally, we can see that the power is proportional to the irradiation of the sun. But in this case 

the situation is not similar. We find less power at good irradiance at sudden time but not always. 

The reason behind it maybe when the irradiation measurement tool  measuring sunlight power at 

that time same power was not absorbed  by solar panel. It can be the reason but we are not sure. 

 

 

. Figure 5.12:PmaxVs Irradiance of 11 September. 

 

Figure 5.13: PmaxVs Irradiance of 18 September. 
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Figure 5.14: PmaxVs Irradiance 20 September. 

 

 

 

 

 

 
Figure 5.15:PmaxVs Irradiance of 31 October. 
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5.8 Comparison of Solar Radiation Data among Different Years 
 

 

Table-5.2: Data of Monthly Average Solar Irradiance in 2008,2009& 2010 [42]. 

 

Month 

 

Solar 

Irradiance(W/m2) 

(2008) 

Solar 

Irradiance(W/m2) 

(2009) 

Solar 

Irradiance(W/m2) 

(2010) 

January 164.9 165.6 151.5 

February 209.8 219.1 186.7 

March 225.7 228.3 238.2 

April 283.3 273.1 236.7 

May 261.1 235.1 225.8 

June 212.4 210.3 176 

July 176.2 197 201.6 

August 174.1 177.5 166.3 

September 189.6 166.8 165.5 

October 179.7 189.1 175.2 

November 208.1 164 168 

December 123.7 142.5 159.2 

Annual average 

Irradiance(W/m2) 

209.05 197.36 187.55 

Annual Average 

(kWh/m2/day) 

5.01 4.73 4.50 

 

In the year 2008, annual average solar irradiation was 5.01 kWh/m2/day and the value of 

irradiation in 2009 was decreased and that was 4.73 kWh/m2/day. There was also a declining 

trend in solar irradiation value in between 2009 and 2010 because in 2010, only 4.50 

kWh/m2/day irradiation was measured as shown in Table- 5.2 

 

Solar radiation data were collected from Renewable Energy Research Center (Dhaka University), 

National Renewable Energy Laboratory and Development and Research is given in Table-5.2. 

Most of these solar radiation data were collected from DU for Dhaka with different cities in 

Bangladesh.  
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Table-5.3 : Collected Solar Irradiance Data of Bangladesh from 1985-2006 were Presented 

Below[43].  

 

Month NREL 

(1985-91) 

RERC 

(1987-89 

RERC 

(1992) 

DLR 

(2000-

2003) 

RERC 

(2003-

2005) 

RERC 

(2006) 

January 4.18 4.29 3.34 4.58 3.16 3.4 

February 4.68 4.86 4.05 4.81 4.46 3.79 

March 5.55 5.53 5.24 5.31 4.88 5.04 

April 5.65 5.23 6.02 5.84 5.28 5.06 

May 5.58 5.67 5.76 5.21 5.46 5.09 

June 4.48 5.13 5.39 3.85 4.22 4.8 

July 3.9 3.87 4.2 3.76 4.48 3.84 

August 4.12 3.92 4.87 4.11 4.12 4.73 

September 3.96 4.5 5.38 3.76 3.78 5.15 

October 4.7 4.61 4.93 4.19 3.57 3.18 

November 4.25 4.22 3.72 4.47 3.92 3.35 

December 4.06 3.89 3.39 4.34 3.19 2.84 

Annual 

Average 

(kWh/m2-

day) 

4.59 4.64 4.69 4.52 4.21 4.45 

 

In the year 1985-1991, annual average solar radiation was 4.59 kWh/m2/day and it was increased 

into 4.64 kWh/m2/day in 1987-89. But in 2000-03, annual average radiation was 4.52 

kWh/m2/day which was decreased into 4.2 kWh/m2/ day in 2003-05. In 2006, radiation was 

increasing, and the value was 4.45 kWh/m2/day. 

 

Table-5.4:Collected Data from 1985-2005, 2008-2010, 2018 and Compare Irradiance Among 

them were Presented Below 

 

Year Month Irradiance 

kWh/m2/day 

1985-1991 September 3.96 

 October 4.7 

1987-89 September 4.5 

 October 4.61 

1992 September 5.38 

 October 4.93 

2000-2003 September 3.76 

 October 4.19 
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2003-2005 September 3.78 

 October 3.57 

2008 September 4.55 

 October 4.31 

2009 September 4.00 

 October 4.53 

2010 September 3.97 

 October 4.20 

2018 September 8.81 

 October 7.2 

 

 

 
 

 

Figure 5.16: Different Years Irradiance. 

 

Figure-4.17, after analyzing we can say that in the month of September, we got the highest 

amount of Irradiance than October. In the year 1985-1991, September & October average solar 

irradiation was 3.96 & 4.7 kWh/m2/day and it was increased into 5.38 & 4.93 kWh/m2/day in 

1992. But in 2000-03, September & October average irradiation was 3.76 & 4.19 kWh/m2/day 

which was decreased into 3.78 & 3.57 kWh/m2/ day in 2003-05. In 2008, irradiation was 

increasing, and the value was 4.55 & 4.31 kWh/m2/day. Again in 2010, irradiation was 

decreasing, and the value of 3.97 & 4.2 kWh/m2/day. Moreover, in 2018, irradiation was 

increasing, and the value of 8.81 & 7.2 kWh/m2/day.  

Furthermore, in 2018, Irradiance is highest than another year, for that reason, we can certainly 

say that global warming is increasing day by day. 
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CHAPTER SIX 

Conclusion 

6.1 Conclusion 

Bangladesh is a small country with large population. Bangladesh is one of the most densely 

populated countries with 79% of the population living in rural areas. Energy crisis is one of the 

main problem on the ways of development. The country commonly experiences unmanageable 
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demand-supply gap of electricity. Power system of Bangladesh depends on fossil fuels both in 

private sector and state-owned power plants. The supply of natural gas is not sufficient to meet 

the demand. The more important fact is existing reserved oil and gas will be exhausted very one 

day. So we have to think about another sources of energy. Solar energy can be that alternative 

source of energy. 

 

Solar energy has the greatest potential of all the sources of renewable energy. So, solar energy 

can be a good source of energy for solving power crisis in Bangladesh. Furthermore Bangladesh 

is situated between 20.30 and 26.38 degrees north latitude and 88.04 and 92.44 degrees east 

which is a good geographical location for solar energy utilization. 

 

For utilizing the solar power more effectively, it is very important to measure the irradiation of 

that country time to time because the sun radiation is changed over time. In this thesis, our main 

aim was to find out the irradiation of sun in Dhaka city in the month of September and October 

so that the power production by the solar panel can be estimated and by using this data we can 

easily understand the electricity production by SHS and create a standard form of power 

production of SHS in 2018. Here we find that the average irradiation of September 8.81 

kWh/m2/day and October was 7.2 kWh/m2/day and corresponding power produced by 100W 

solar panel was 23.3 W and 22.23 W respectively. 

 

Future Scope: 

In this research, we try to clarify that how much power can be produced in the month of 

September & October 2018 from a solar system. We have worked only for two months but in 

future we can measure power and irradiation throughout the year along with the analysis of panel 

efficiency. 
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