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Abstract 

 

Renewable energy resource is considered as clean, it can reduce the emission of 

greenhouse gases (GHGs) which become a big concern around the world. 

Electricity produced using solar energy which is one of the renewable energy 

sources, can be an attractive from economic and environmental perspective. This 

study presents a techno-economic assessment by developing a bottom-up data-

intensive spread-sheet-based model. The study estimates the electricity produced 

by a 96.8kWp stand-alone solar photovoltaic in the south hall residential at Islamic 

university of technology (IUT) campus. 

The unit cost of electricity by solar radiation was found to be $0.456/kWh with a 

net present cost of $267729.42.for the components, batteries were found to be the 

most expensive of the PV system. 
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I. Introduction. 

Energy is a Measure of the ability of a body or system to do work or produce a 

change, expressed usually in joules or kilowatt hours (kWh). No activity is 

possible without energy and its total amount in the universe is fixed. In other 

words, it cannot be created or destroyed but can only be changed from one type to 

another. The two basic types of energy are: 

 Potential: energy associated with the nature, position, or state (such as 

chemical energy, electrical energy, nuclear energy). 

 Kinetic: energy associated with motion (such as a moving car or a spinning 

wheel)   (1) 
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1.  Why do we need energy? 

 

 

Energy is very important in today's world. For example, we use different energy 

sources to generate the electricity we need for our homes, schools, businesses and 

factories. Electricity powers our TVs, computers, air conditioners, cell phones and 

washing machines - just to mention a few. We also use energy to run cars, planes, 

trains, buses and motorcycles. (9) 

Energy sources can be categorized as renewable or nonrenewable: 

When people use electricity in their homes, the electrical power was probably 

generated by burning coal, by a nuclear reaction, or by a hydroelectric plant on a 

river, to name just a few sources. Therefore, coal, nuclear, and hydro are called 

energy sources. When people fill up a gas tank, the source might be petroleum 

refined from crude oil or ethanol made by growing and processing corn. 

Energy sources are divided into two groups: 

 Renewable (an energy source that can be easily replenished) 
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 Nonrenewable (an energy source that cannot be easily replenished) 

 

Renewable and nonrenewable energy sources can be used as primary energy 

sources to produce useful energy such as heat or used to produce secondary energy 

sources such as electricity. 

 

 

The chart above shows the energy sources used in the United States. Nonrenewable 

energy sources accounted for about 90% of all energy used. Biomass, which 

includes wood, biofuels, and biomass waste, is the largest renewable energy 

source, and it accounted for about half of all renewable e and about 5% of total 

U.S. energy consumption.(2) 

 

https://www.eia.gov/energyexplained/index.cfm?page=electricity_home
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2. What is Renewable Energy? 

Renewable energy is energy generated from natural resources—such as sunlight, 

wind, rain, tides and geothermal heat—which are renewable (naturally 

replenished). Renewable energy technologies range from solar power, wind power, 

hydroelectricity/micro hydro, biomass and biofuels for transportation. 

Renewable energy is energy that is generated from natural processes that are 

continuously replenished. This includes sunlight, geothermal heat, wind, tides, 

water, and various forms of biomass. This energy cannot be exhausted and is 

constantly renewed.(3) 

3. Why is it important to use renewable energy? 

 

Fossil-based fuels (oil, coal, and natural gas) currently provide about 85% of all the 

energy use both in US and worldwide. We all know that these resources are being 

constantly depleted and can't be replaced within any practical time span. People 

often wonder how long exactly would they last. The remaining amount of a 

particular resource is often characterized by so-called Reserves-to-Production ratio 

(R/P). In plain language, R/P basically gives us the length of time the reserves 

would last if their usage continues at the current rate. Here are estimated world 

total R/P ratios for the main conventional fuels: oil - 46 years, natural gas - 58 

years, coal - 118 years. Of course, the usage is constantly changing and once in a 

while new deposits are found. That's why the above numbers are corrected every 

year. 

Aside from being finite, energy production from fossil fuels results in by-products 

of combustion, or emissions. These emissions affect our environment and may be 

causing the climate change. In contrast, renewable energy (RE) resources, as the 

name implies, are constantly replenished naturally and will never be exhausted. 
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Their use generally has a much lower environmental impact than that of 

conventional fuels. That is why the technologies that utilize them are often called 

"green". (4) 

By using renewable energy sources like solar energy, we also reduce our 

dependence on fossil fuel gas and oil reserves, which are becoming more 

expensive and difficult to find. It also reduces our dependence on imported fossil 

fuels, improving our energy security. (5) 

4. Solar energy: 

 Solar energy is a renewable free source of energy that is sustainable and totally 

inexhaustible, unlike fossil fuels which are finite. It is also a non-polluting source 

of energy and it does not emit any greenhouse gases when producing electricity. 

The solar electricity that is produced can supply your entire or partial energy 

consumption. (6) 

Solar energy is the most abundant and promising renewable energy resources with 

higher potential to gain energy than any other sources. 

It can be used in two ways known as thermal route and photovoltaic route. 

In thermal route the heat from solar energy is used for various purposes like 

heating, water purification, power generation, etc. 

On the other hand in photovoltaic route the light in solar energy is converted into 

electricity, which can be used in lighting, pumping and power supply in rural areas 

where grid electricity is not reachable. 

 



14 
 

5. Solar photovoltaic: 

This technology converts sunlight directly into electricity using photovoltaic (PV) 

cells. The solar PV cells are combined in panels. They can be put on rooftops, 

integrated into building designs and vehicles, or installed by the thousands across 

fields to create large-scale solar power plants. 

 

 

                                                Fig: A view of Solar panels  

 

6. Solar thermal: 

This technology converts sunlight into thermal energy (or heat), which in the past 

has been used mainly for space heating or to heat water (such as in a solar hot 

water system). (7) 



15 
 

The main benefit of solar energy is that it does not produce any pollutants and is 

one of the cleanest sources of energy. It is a renewable source of energy requires 

low maintenance and is easy to install. The only limitation that solar energy 

possess is that it cannot be used at night and amount of sunlight that is received on 

earth is depends on location, time of day, time of year, and weather conditions.  

 

7. Characteristics of solar energy. 

1: Solar energy is a completely free source of energy and it is found in abundance. 

Though the sun is 90 million miles from the earth, it takes less than 10 minutes for 

light to travel from that much of distance. 

2: The earth gets 174 Pet watts of incoming solar radiation in the upper 

atmosphere. About 30% is reflected back to space and the rest is absorbed by 

oceans, clouds and land masses. 

3: Solar energy is being recognized as the future of alternative energy sources as it 

is nonpolluting and helps combat the Greenhouse effect on global climate created 

by use of fossils fuels. 

4: Solar energy produce no pollution, have no environmental effects and is 

ecologically acceptable. 

5: Solar energy is one of the most widely used renewable source of energy. One 

can use renewable energy technologies to convert solar energy into electricity. 

6: Solar energy could prove to be the major source of renewable energy because of 

its massive potential and long-term advantages 

7: The earth receives about 1,366 watts of direct solar radiation per square meter. 
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8: Solar panels are virtually maintenance free since the batteries require no water 

or other regular service and will last for years. Once, solar panels are installed, 

there are no recurring costs. 

9: Solar power can significantly reduce the electricity bills. Moreover, there are 

many tax incentives and rebate programs designed to spur the use of solar, and 

save home owners money at the same time. 

10: Solar power is noise pollution free. It has no moving parts, and does not 

require any additional fuel, other than sunlight, to produce power 

11: Though solar energy is used on a wide scale, it only provides a small fraction 

of the world’s energy supply 

12: Solar energy is used in many applications including Electricity, Evaporation, 

Biomass, Heating water and buildings and even for transport. 

13: Large investment is one the primary reason why solar energy is not still not 

used by many people all over the world. (8) 

 

8. Why do we need sustainable solar energy? 

The world population is growing and increasing numbers of people aspire to higher 

standards of living: we need more and more energy and food. We can only do this 

by producing energy and food in a sustainable way, which means creating less 

waste and lowering CO2 emissions. The sun is a source of energy that fulfills these 

conditions. 

The world population has more than doubled in the last 60 years. In 2011 there 

were 7 billion people on the planet. The United Nations Food and Agriculture 
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Organization predict that this growth will continue and that in 2050 the 

population will have reached 9 billion. (10) 

And by using solar energy we can fulfill the demand of that population increasing 

day by day. 

There have been a few studies that conduct the techno-economic assessment to 

generate electricity from renewables for remotely located areas. Most of the studies 

Worked on the feasibility of hybrid renewable energy system.  

A rural village from the Siyambalanduwa region in Sri Lanka inhabiting 

approximately 150 households resulting approximate daily electricity demand of 

270 kWh has been studied. Several electricity generating technologies including 

solar, wind and diesel gen sets have been studied and the total net present cost of 

each system configuration has been calculated for 20 years of lifetime of system to 

examine the lowest energy cost option. It has been found that the combination of 

wind turbines, PV system, a battery bank and a diesel generator creates the 

optimum hybrid system following the rated capacities, wind - 40 kW, PV - 30 kW, 

battery bank - 222 kWh and the diesel generator - 25 kW. This system can supply 

electricity at an approximate levelized cost of 0.3$/kWh.[11] 

A techno-economical study is done by A.K.M. Sadrul Islam et al. [12] for a hybrid 

combination of PV, Wind and Diesel energy. A set of systems are analyzed to find 

optimum configuration for 78 kwh day
−1

 primary load. Sensitivity analysis is done 

to see the effect of solar radiation, PV investment cost, wind speed and Diesel fuel 

price on the optimum result. Golbarg Rohani and Mutasim Nour [13] have 

evaluated different combinations of wind turbines, PV, batteries and generators in 

order to determine the optimal combination of the hybrid system based on the 

http://www.biosolarcells.nl/data/upload/files/groei-wereldbevolking.JPG
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lower Net Present Cost method. The reduction in CO2 emission achieved in the 

study for the 500 kW optimal hybrid system was found to be 37% compared to the 

conventional diesel generator only power system. In [14], Alireza Maheri has 

designed an optimal standalone wind-PV-diesel hybrid system with cost and 

reliability as optimizing parameters. In [15], Shafiqur Rehman et al. have designed 

a hybrid wind-PV-diesel system for a village in Saudi Arabia. The designed hybrid 

power system resulted in avoiding addition of 4976.8 tons of GHG equivalent of 

CO2 gas in to the local atmosphere of the village and conservation of 10,824 

barrels of fossil fuel annually. 

Kusakana and Vermaak [16] studied the feasibility of stand-alone PV and stand-

alone wind systems in the rural regions of the Democratic Republic of Congo. The 

authors found that a stand-alone PV and a stand-alone wind system can satisfy the 

load demand for the location at the cost of $0.39/kWh and $0.54/kWh, 

respectively. 

There are some studies that conduct techno-economic assessment of hybrid energy 

systems but study of stand-alone PV system is very limited. 

The objective of this study is to design a solar PV system and develop a spread-

sheet-based bottom-up data intensive techno-economic model to calculate the cost 

of electricity, generation using solar energy at IUT campus particularly in south 

hall. 
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II. Methodology: 

The objective of this study is to design a stand-alone photovoltaic system that can 

meet the electricity demand for a residentially hall at Islamic university composed 

by 150 rooms ,30 toilettes and 5 levels. the cost of electricity was also calculated. 

The following figure represent the methodology developed for calculating the cost 

of electricity from solar energy. 

 

 

                      Fig: Techno-economic modeling methodology for this study 

 

The main components of solar PV system are solar PV panel, charge controller, 

battery and inverter. 

Electric load 
calculation 

Assessment of 
solar resource 

Estimation of 
electricity 

production 

Design of the 
system 

Estimation cost of 
system 
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The system boundary is presented in the following figure and shows the scope of 

research. 

 

Solar PV: Solar cells, also called photovoltaic (PV) cells by scientists, convert 

sunlight directly into electricity. PV gets its name from the process of converting 

light (photons) to electricity (voltage), which is called the PV effect. 

Charge controller: A charge controller is an essential part of nearly all power 

systems that charge batteries, he basic functions of a controller are quite simple. 

Charge controllers block reverse current and prevent battery overcharge. Some 

controllers also prevent battery over discharge, protect from electrical overload, 

and/or display battery status and the flow of power. Let's examine each function 

individually. 

Battery: A battery is an electrochemical cell (or enclosed and protected material) 

that can be charged electrically to provide a static potential for power or released 

electrical charge when needed.it is used to store the electricity produced by the 

solar panels and supply back to the system at night or during a raining day. 

Inverter: A solar inverter, or converter or PV inverter, converts the variable direct 

current (DC) output of a photovoltaic (PV) solar panel into a utility frequency 

Solar PV AC load Battery  Invertrer charge 
controller 

https://en.wikipedia.org/wiki/Direct_current
https://en.wikipedia.org/wiki/Direct_current
https://en.wikipedia.org/wiki/Photovoltaic
https://en.wikipedia.org/wiki/Solar_panel
https://en.wikipedia.org/wiki/Utility_frequency
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alternating current (AC) that can be fed into a commercial electrical grid or used 

by a local, off-grid electrical network. 

 

 

When the panel is exposed to the sunlight, it absorbs and converts the solar 

radiation to an electric direct current, this electric current will be controlled by the 

charge controller and then send either to the battery to be stored or to the load by 

passaging through the inverter where it will be converted from DC to AC. 

 

 

 

 

 

 

 

https://en.wikipedia.org/wiki/Alternating_current
https://en.wikipedia.org/wiki/Utility_grid
https://en.wikipedia.org/wiki/Off-grid
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III. Electric load Calculation: 

Islamic university of technology (23° 56' 52" N and 90° 22' 44" E) is a university 

situated in Gazipur district in Bangladesh. In this study, one hall residential 

containing 5 levels, each level contains 30 rooms, 6 toilettes, hallway was 

considered. 

Considering that   there are 3 students in each room, and 60 % of the students have 

laptops of 60W (average) and 40% have Desktops of 160W ( average).and in each 

room there are 3 LED  tube light of 16, 2 Fans of 24W.The daily operating hours 

for lighting and for the computer in each room  were considered as  6h and 5h 

respectively irrespective of any season. On the other hand, Fans are used in 

summer only during 15h.   

In the toilettes, considering that ,there are 3 LED tube light of 16 W .The daily 

operating hours for lighting in each toilette were considered 13h .  

Each hallway contains 9 LED bulbs light of 3W, and the daily operating hours 

were considered 6h.  . 

To determine the load consuming in the  hall , lets first determine the energy 

consuming in one room , one toilette and one hallway, and then summarized for 

the hall. 
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1. Load consuming in one room per day:   

Energy of fans (in summer) = number of fan x power consuming by  

                                         The fan x daily working hours    

                                                        = 2 x 24W x 15h  

       Energy of fans (in summer) = 0.72 kWh /day 

Energy of (Desktop & laptop) = number of PC x power consuming by 

one PC x daily working hours   

Considering that 60% of the students in south hall are using laptop and 40% are 

using Desktop,  

   So the power consuming by the Laptop and Desktop is:                                        

                         = 3 x (0.6 x 60W+ 0.4 x 160W) x 5h 

                         =1.5 kWh/day         

       Energy of Desktop & Laptop = 1.5 kWh /day  

 

Energy of light   = number of light x power consuming by one             

daily working   = 3x 9W x 6h  

                Energy of light = 0.162 kWh/day 

As the fans are used only in summer during 15h per day, the load consuming in 

one room has to be determine according to the season (summer and winter) 
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    Energy consuming in one room (in summer) = energy of light + energy of 

                                                                                 Desktop + energy of fans           

                                                                           = 0.162 kWh + 1.5 kWh +0.72 kW 

 Energy consuming in one room (in summer) = 2.382kWh/day  

In winter fans are not used, so the load consuming by the fans will not be included    

    Energy consuming in one room (winter) = energy for light + energy for  

                                                                          Desktop  

                                                                        = 0.162kWh/day + 1.5 kWh /day    

Energy consuming in one room (winter)    = 1.66 kWh/day       

                                                                                                                                                 

2. Load consuming in one hallway per day:       

One hallway contains 9 LED tubes light of   3W, and working during 6hours a 

day. 

Energy for one hallway = number of tube light x power consuming by one tube 

light x working hours    

                                          = 9 x 3W x 6h  

Energy for one hallway = 0.162kwh/day       

 



25 
 

3. Load consuming in one toilette: 

 One toilette contains 4 LED bulbs light of 3W, and the daily operating hours were 

considered 13. So the energy consuming in on toilette is: 

Energy for one toilette   = number light in the toilette x power of each light x                            

daily operating hours 

                                             = 4 x 3W x 13h 

     Energy for one toilette = 0.156 kwh/day 

  

 

4. Load consuming in one level: 

 One level contains 30 rooms, 6 toilettes and one hallway, so the load consuming in 

one level is determined by the following formula. 

Load consuming in one level (in summer)=  number of room in one level  x  

Energy consuming in one room in summer + number of toilette in one level x  

Energy consuming in one toilette + number of hallway  Energy consuming in the 

hallway  

                                                   = 30 x2.382 kWh/day + 6 x 0.156kwh + 0.162kwh        

Load consuming in one level in summer   = 72.558kwh/day 

Load consuming in one level in winter = number of room in one level  x  Energy 

consuming in one room in winter + number of toilette in one level x  Energy 

consuming in one toilette + number of hallway  Energy consuming in the hallway  
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                                                           = 6 x 0.156kwh + 0.162kwh + 30 x 

1.66kWh/day       

 Load consuming in one level in winter =50.898kWh/day 

 

5. Load consuming in the Stairway: 

The hall has 6 stairways on witch ,each stairway from level one to level 5 ,contains 

4 tubes light of 3W,and the daily operation hours were considered 6. So the load 

consuming in the stairway by 24 tubes light in the whole building has to be 

determined using the following formula  

 

 

  Load consuming in the Stairway = number of stairway x number of tube 

light on each stairway x power consumed by each tube light x daily operating 

hour 

 

                                                               = 6 x 4 x 3W x 6h 

              Load consuming in the Stairway   = 0.432 kW/day 

 

6. The total load consuming: 

 

The totally load consumed in the sought hall has to be determined depending 

to the season, as in winter the fans are not used. In Bangladesh, the summer 

starts from April to October, and winter from November to March. 
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The peak energy requirement during summer = load consuming 

during summer in one level x the number of level + load consuming in 

the stairway  

 

                                                               =5 x 72.558 kwh/day + 0.432 kW/day  

 

The peak energy requirement during summer season =0.363MWh/day 

 

 

 

The peak energy requirement during Winter = load consuming during 

Winter  in                    one level x the number of level + load consuming 

in the stairway  

 

                                         = 5 x 50.898 kWh/day + 0.432 kW/day 

 

The peak energy requirement during winter = 0.2549MWh/day 

 

7. The peak load: 

The peak load is the maximum load of electrical power demand. And it is the 

sum of the power present in the system. Our system contains 2 fans of 24W, 

3 Desktops of 160W (average) and 3 LED tube light of 16W for 150 rooms. 

Also 3 LED tube light of 16W in 30 toilettes. Again 5 hallways where each 

has 9 LED bulb lights of 3W. 

It contains also 6 stairways where each one has 4 LED tubes light of 16W. 
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 The power of fans =  2 x 150 x 24     = 7.2kW 

 

 The power of Desktop = 3 x 150 x 0.4 x 160                                = 

28.8kw  

 

 The power of Laptop    =  3 x 150 x 0.6 x 60                                =16.2 

kW           

 

 The power of LED bulb light in the rooms= 3x 150 x 9             = 

4.05kW 

 

 The power of the LED bulb light in the toilettes = 4x 3 x 30              

=0.36kW 

 

 The power of  light in the stairways = 4 x 6 x 3                                                   

=0.072kW 

 

 The power light in the   hallways = 5 x 9 x 3                                                        

= 0.135KW           

                                    The peak load = 56.817 kW 
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IV. Assessment of solar Resource 

The solar radiation data for the location (Islamic university of technology) were 

obtained from NAZA website [17] based on the latitude and longitude of the 

location (23° 56' 52" N and 90° 22' 44" E). For accuracy, average data for 22 years 

were used. 

 

 

The average daily solar radiation was taking to be 4.64kWh/m
2
/day. 
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The following figure represents the monthly average solar radiation data for the 

location (IUT). 

 

Fig: Monthly average solar radiation 
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V. Design of the solar photovoltaic (PV) system 

 

1. Number of PV panel 

To determine the number of PV panel which will be used to produce the electricity 

needed, we have to determine the Arrow Size. 

Arrow Size: 

The arrow size allows us to determine the number of panels, it calculated using the 

following formula. 

Array size (kWp) = [(energy in summer) / (solar hour)] /Derate factor  

 

 Energy in summer = 0.363 MWh/day 

 Solar hour per day in Bangladesh = 5h 

 Derate factor = 75% 

 

 

 Array size = [(0.363 MWh/day)/ (5h/day)] / 0.75 

                                                   = 0.0968MWh/day 

                                      Array size = 96.8 KWp 

 Number of PV panels: 

  The Pv panels choose for the system is the polly-cristyline Suntech for its higher 

efficiency and low cost. It has a nominal power of 290Wp             
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                    1 PV panel                                   0.29KWp 

                      N panels                                     96.8 KWp 

 

 

 Number of panels = 96.8/0.29 

                                   

 

The system is designed using 334 photo voltaic panels, to produce enough 

electricity in the system. When there is no solar radiation in a rainy day or at night, 

batteries are required to store the energy and supply it back to the system.  

For cost-effective design of a system appropriate size of battery is important 

 

2. Battery capacity 

Battery capacity required for the system was calculated using the following 

formula: 

 Battery capacity (Ah) = D x E / (DOD X ηc x V)  

Where: 

      D: the peak electric load (Wh/day)  

      E: Days of autonomy (days) 

 DOD: depth of discharge (%) 

Number of panels =334 
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   ηc: efficiency of charging (%) 

    V:  nominal voltage of each battery  

  A battery BD-TECH type open lead acid has been choose to store the energy 

produced by the photo voltaic panels.  

 

 

 Battery                                                                                              BD-tech 

Type                                                                                                   open lead-acid 

Nominal voltage (v)                                                                                 12 

Capacity (Ah)                                                                                         130 

Depth of discharge (%)                                                                          80 

Charging efficiency (%)                                                                          85 

 

The peak electric load D is 56817W and the days of autonomy which are the days 

that we will not get solar radiation, was considered to be 1. During these days the 

batteries will have to support and supply electricity in the system. 

  

Battery capacity = 56817 x 1 / (0.8 x 0.85 x 12) 

Battery capacity = 6962.87 Ah       

The number of strings of the system: 
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      1 battery  130 Ah  

        

        Strings  6962.87Ah  

                                

    Number of strings = 6962.87/ 130 = 53.6 

Number of strings is calculated to be 54. 

The system was designed for 1 day of autonomy, 54 batteries strings are required 

for the system. Each spring will contain   12 lead-acid batteries of 12V.the batteries 

are connected in series to offer a nominal voltage of 144V.  

A charge controller is basically a voltage and/ or current   regulator to keep the 

battery  from overcharging, safe , keep it from electrically overload. Some 

controllers are also prevent battery over discharge .its regulate the voltage and 

current going to the battery. In our system a Maximum Power Point tracking solar 

charge controller of 96Am-150V was considered. To overcome the voltage 

produced by the solar panels, 4 MPPT charge controller are used. 

An inverter is required to convert the direct electricity of 144V (DC) from the 

battery to a utility frequency alternating current (AC) of 220V. 

The peak load of our system is 56.817 kW, for 20% of factor of safety the inverter 

will be designed to be: 

56.817+0.2 x 56.817 = 68.18 kW 
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An inverter of 68.18kW is designed, but for its availability in the market, an 

inverter of 70kW was considered  

 

3. The electricity produced by the system in one year: 

                  

 The electricity produced in one year is calculated by using the following formula; 

     Electricity = Average solar radiation x efficiency of PV panel x efficiency of 

inverter x area of PV panel   

 Average solar radiation = 4.64kWh/m^2/day 

 Efficiency of PV panel  = 13% 

 Efficiency of the inverter = 95% 

 Length of PV panel = 1956 mm 

 Width of PV panel = 992mm 

 

      Area of PV panel = 1.956 x 0.992 

                                      = 1.945 m^2 

Electricity = 4.64 x 0.13 x 0.95 x 1.94  

Electricity = 1.115 kWh/day 

Which is the electricity produced by 1 PV panel in one day. 

In one year, 334 panels will produced: 1.115 kWh/day x 365days x 334 panels  

The electricity produced by 334 panels in one year will be 135.9 MWh/year. 



36 
 

The system will not be able to produce the same amount of electricity each year. 

Therefor an annual performance reduction of 0.5% was considered.  

We have to determine the amount of electricity that the system can generate in 

each year, compare to 135.9MWh produced at the first time considering 0.5% of 

performance reduction of the system. 

 

1
st
 year: 135.9 MWh 

2
nd

 year: 135.9 – 0.005 x 135.9   = 135.2205 MWh 

3th year: 135.2205 -0.005 x 1352205 = 134.544 MWh 

4
th

 year: 134.544 – 0.005 x 134.544 = 133.8717 

. 

. 

. 

. 

20
th
 year: 124.17 – 0.005 x 124.17 = 123.549 MWh 

So For 20 years of lifetime the total electricity was estimated to be2592.66MWh. 
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The above data are plotted in the following figure, which present the electricity 

produced over 20years lifetime of the PV system with an annual performance 

reduction of 0.5%. 

 

                      

                                    Fig: Estimated energy production during Cycle of the PV system 
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Fig: Circuit diagram of the stand –alone PV system 
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VI. Techno-economic Assessment: 

After designing the different components of the system, a techno-economic 

assessment was conducted in order to determine the capital cost each components 

and the cost of electricity of the system.  

An interest rate of 10% was assumed .All the capital cost were amortized over the 

lifetime of the components of the PV system, to determine  the annual cost  of each 

components, supporting structure (steel), copper cable testing and installation and 

the yearly maintenance cost. 

Testing and installation cost ,and the yearly maintenance cost were assumed to be 

3.75 and 2.00% of the total capital cost respectively. 

1.  panel: 

Interest rate = 10% 

Lifetime = 20years  

Capital cost = 1.27 $/Wp 

The Array size of the system was calculated to be 96.8 kWp. 

 

Capital cost = 1.27 $/year x 96.8 x 1000 Wp = 122936 $ 

 

Capital cost = 122936$ 

 

The annual cost is calculated by using the interest table, with interest 10% and life 

time 20 years. The interest factor is 0.117. 
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  The annual cost = 122936 x 0.1175 = 14444.98 $/year 

Annual cost of solar panel = $14444.98/year  
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2. Battery: 

Capital cost (a30Ah-12V each)= 155.84$ 

Lifetime = 4 years  

Each battery, the capital cost is 155.84$ /the PV system is composed of 672 

batteries. 

Capital cost = 672 x 155.84 = 104724.48$ 

Capital cost = 104724.48 $ 

 

The annual capital cost is calculated using the interest table, with 4years lifetime. 

The interest factor in this case is 0.3155. 

 

 

The annual cost = 104724.48 x 0.1355 = 33040.57 $/year 

Annual cost of batteries = $33040.57/year  
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3. Inverter: 

Lifetime = 10 years  

Capital cost =258.23 $/kW 

The system is designed to use an inverter of 70 kW. 

   Capital cost = 70kw x 258.23 $/kw = 18076$ 

Capital cost of a 70kW inverter = 18076 $ 

 

 

The annual cost was calculated using the interest table ,with 10 years lifetime .the 

interest factor is 0.1627. 

 

The annual cost = 18076.1$ x 0.1627 = 2940.98$/year 

The annual cost of an inverter of 70kW = $2940.98 /year 
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4. Charge controller: 

Life time =5 years  

Capital cost = 608 $ each controller  

4 charges controller were considered. 

Capital cost = 608$ x 4 = 2432$ 

Capital cost of the charge controller = 2432 $ 

 

The annual control cost was calculated using the interest table ,with 5 years 

lifetime. The interest factor for 5 years of lifetime and 10% interest rate is 0.2638. 

 

 

 

The annual cost = 2432$ x 0.2638 = 641.56$/year  
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The annual cost of charge controller = $ 641.56/year  

 

 

5. Supporting structure: 

 Capital cost = 740.26 $/MT 

Lifetime = 20years  

Determination of the material required of the system, (562Kg steel for 4.2kWp 

system). 

The Array size of the system is 96.8kWp, so the material requirements of the 

system = (996.8kWp x 562Kg)/ 4.2kWp = 12952.76Kg 

 Material requirements = 12.95 MT (Metric ton). 

Capital cost of the supporting structure = 740.26 x 12.95 = 9586.36$ 

Capital cost of the supporting structure = 9586.36$ 

 

The annual cost was calculated using the interest table, with 20 years of lifetime, 

the interest factor is 0.1175 
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The annual cost = 9586.36 x 0.1175 = 1126.4$/year 

The annual cost of the supporting structure (steel) = $1126.4/year   
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6. Copper Cable: 

For copper cables: 

The capital cost =50.24$/Kwp 

Array size =96.8KWp             

    For 96.8Kwp, the copper cables will be 50.24x96.8= 4863.232$                         

the life time of copper cables is 20year. 

Then the annual cost= 4863.232x0.1175= 571.43$/year. 

The annual cost of copper cables= 517.43$/year.  

 

  Total capital cost: 

The different costs are: 

 Solar panels                                           122936$ 

 Batteries                                                104724.48$  

 Inverter                                                  18076.1$ 

 Charges controller                                2432$ 

 Supporting structures steel                9586.36$ 

 Copper cables                                        4863.232$  

The total cost= summation of the different cost 

                         = 262618.172$               

 The total cost is 262618.172$ 
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7. Testing and installation cost: 

The testing and installation cost was assumed to be 3.75% of the total 

cost, that is: 262618.172x0.075= 9848.18$ 

So for 20years lifetime of the system is: 9848.18x0.1175=1157.16$/year 

   The testing and installation= 1157.16$/year. 

 

8. Yearly maintenance cost: 

The yearly maintenance cost also is considered to be 2% of the total 

cost, that is: 262618.172x0.02= $5252.36/yr 

    Yearly maintenance cost= $5252.36/yr. 

 

9. Cost of electricity 

    The electricity cost COE ($/KWh) = A/E 

   Where: A is the annualized cost of the system ($/year) and E is the annual 

average electricity (KWh/year). 

A= 59176.44 $/year 

E= 129.633MWh/year 

  =129633KWh/year  

 COE=A/E=59176.44($/year)/129633(KWh/year) 
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                           = 0.456$/KWh 

Using a factor of 0.0124 to convert BDT to USD we will have: 

COE= 0.456($/KWh)/0.0124$/1BDT 

       = 36.81 BDT/KWh 

 So, the cost of electricity= 36.81 BDT/KWh 
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VII. Result and Discussion. 
A design of a solar photo-voltaic system in IUT campus provides a total capital 

cost and unit cost of electricity of $267729.42 and $0.465/kwh respectively. The 

annual average electricity was found to be 129.633MWh/year, not for whole 

campus but only in south hall residence building. A peak load of 56.81KWp 

capacity produce by 334 PV panels is required to satisfy the load demand. The cost 

of PV panels, batteries, charge controllers, inverter, supporting structure, copper 

cable and testing and installation were estimated to be $122936, $104724.48, $ 

2432, $18076, $9586.36, $1126.4, $9848.18, respectively. Testing and installation 

cost and yearly maintenance cost was assumed to be 3.75% and 2% of the capital 

cost respectively. For the compensation of the system, the interest rate was 

assumed to be 10% with an inflation rate of 7.3%.  

Table: Annual and capital cost of the various components of the PV system. 

parameter Life time(year) Annually cost($/year) Capital cost($) 

Solar panel          20 14444.98 122936 

Battery           4 33040.57 104724.48 

Charge controller           5 641.56 2432 

Inverter          10 2940.98 18076 

Supporting structure          20 1126.4 9586.36 

Copper cable          20 571.43 1126.4 

Testing and installation          // 1157.16 9848.18 

          Total  
         // 53923.08 267729.42 
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From the table above, it can be observe that the total annualized cost of the system 

was found to be $53923.08. The system can generate 129.633MWh electricity per 

year. 

 

 

 

                               Fig: Capital cost distribution for the solar PV system.  
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For this system, the most expensive component is battery with a cost of 

$33040.57/year, this due to its high capital cost and lower life time compare to 

others components. 

  The percentage distribution of the components of the PV system to the total 

annualized cost is shown in figure below. 

 

 

 

       Fig: Percentage contribution of the components to the total annualized cost of the system. 
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VIII. Conclusion 

 

In this study of the techno-economic assessment of a stand-alone solar photovoltaic 

system at IUT campus, our objective was to design a PV system for a specific 

building in the campus (south hall residence). The analysis was based on the 

different components which are the principles element of the design. So our result 

clearly confirm that depending on the number of rooms, toilets, hallways and 

stairways of the whole building requires a maximum load of 56.81KW which 

needs  334 PV panels and result to a total and unit cost of $267729.42 and 

$0.465/year  respectively of electricity. Comparing with the other energy sources, 

this system does not only improve the natural environment health of the university 

but will also reduce the recycling cost even though it is more expensive to build the 

system. In general the system is said to be expensive but it is eco-friendly and 

comfortable compare to other conventional energy system (eg: fossil fuels: coal, 

petroleum, and natural gas…) which make it an important tool for the future 

investigation. 
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