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ABSTRACT 

Base Transceiver Station is considered as the heart of mobile telecommunication system. 

Millions of phone calls, SMS and enormous number of data is being sent and received in every 

second through these BTS all over the world. Therefore, BTS are the devices which need to run 

24/7 without being disturbed by any sort of electric crisis or shortage. Bangladesh is not fully 

compatible to meet the growing electricity demand of the whole country. Although it varies from 

day to day, on an average we predicted there are two hours of load shedding period in every 

distribution line of entire country. Therefore, it requires 24/7 electricity supply to all the BTS of 

all operators. Our concern is during the off grid period. It is found that all the operators use diesel 

generators for the off grid time. Our target is to compare the feasibility of using alternative 

power sources to minimize the cost of the system, minimizing carbon emission and reducing the 

dependency on the fossil fuel. Firstly, we have analyzed the previous and recent data of diesel, 

solar and fuel cell power sources. A new we model is proposed to combine the sources with 

backup of diesel generator which can minimize the cost and fulfill our target. We also analyzed 

the future of carbon emission which our proposed model can reduce after a certain period of 

years. 
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CHAPTER 1 

INTRODUCTION 

1.1  Motivation 

Base Transceiver Stations are the core of the mobile telecommunication system which require 

full time uninterrupted power supply to keep the network alive. Hamper or disconnection for 

even small period of time can break down the network of that certain area. But in the perspective 

of Bangladesh, it is not possible to supply full time electricity from the central grid line. Based 

on the recent studies which show that on average two hours of load shedding happens in every 

line throughout the country. Although it varies from place to place, even in some areas it 

increases up to six or seven hours in a single day, which clearly shows the power shortage in the 

central generation areas. As BTS needs full time electricity supply, back up source is a must. In 

Bangladesh, almost all the BTS are run by diesel generator as backup which requires huge 

number of fuel per year. 

 

1.2  Thesis contribution 

Based on the ongoing system, we focused on the drawbacks of the system along with tried to 

visualize the possible solution. Along with that our analyzed data and possible proposed model 

shows the contribution of our work in decreasing cost of the system. 
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1.2.1 Problem statement 

As the study shows that the price of the diesel is increasing in an alarming rate day by day as the 

reserved fossil fuel will be finished within this century. Along with that, diesel generators are 

increasing the number of CO2 in the air which is getting severe day by day. One of the main 

drawbacks of the diesel generator is the increase of diesel price day by day because of the 

shortage of fossil fuel all over the world. The increasing percentage is pretty high. Along with 

that, older the generator gets, more the diesel requirement increases over the years. Therefore, 

the diesel generators produce a huge number of carbon di oxide which is added to the 

environment every day. That is why, in near future we need to stop our dependency on the diesel 

generators, rather need to look for alternative solution. 

 

1.2.2 Solution 

That is why, it is high time we should give emphasize on the alternative sources of energy. The 

aim of this research is to show a comparison between traditional back up source and alternative 

sources mostly renewable, for the Base Transceiver Stations. A comparison study in between 

two renewable energy sources are presented here, as the user or company will have their own 

preference to choose one or can add other sources in the system as well. 

Renewable energy, which is often termed as green energy, is energy which can be produced and 

replaced by natural resources. They are much better for the environment and produce less carbon 

di oxide than regular energy sources. For example: Hydro power, Solar, Fuel cell, Biomass, 

Wind, Geothermal etc. Among all of them, few of them can be used in BTS. In our proposed 
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design we are analyzing solar and fuel cell along with the regular diesel generator for the BTS. 

Because wind energy is expensive to establish and is not for small system, which requires huge 

place and sufficient wind supply to produce electricity. Besides, rests of the alternative energy 

sources are also not perfect for running single BTS. Here we need such source which is cost 

effective and installable for each BTS and we have chosen solar and fuel cell. Cause others may 

require huge number of area or huge amount of budget which will not be beneficial for the 

operators to use. 

 

1.2.3 Methodology 

Our research is basically a statistical data analysis and combination of them to compare with the 

ongoing system and providing possible solution. As in near future, all must move on to 

renewable energy anyway, we tried to provide the possible data required to choose the best 

solution. On the probability and graphs of previous year’s data sheets, we tried to propose a 

model which may come handy in using the alternative sources of energy. 

 

1.3  Summary of contribution 

The focus of the research is to show why we should emphasize on the renewable energy sources 

instead of fossil fuel. If the system runs in diesel as well as same system runs in alternative 

energy, second one shows better outcome in terms of cost and efficiency. 
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1.4  Outline of the thesis 

• Chapter 2 provides the literature review which includes the recent and future condition of 

fossil fuel, solar and fuel cell. 

• Chapter 3 describes our proposed design, flowchart and how does it work along with 

advantages of the model. 

• Chapter 4 shows our results, graphs and mathematical calculations of the final outcome 

which includes all the comparison data analysis as well. 

• Chapter 5 provides the data analysis of CO2 emission and also shows how our proposed 

model can reduce the amount in the environment. 

• Chapter 6 concludes the discussion along with possible improvement areas and also the 

drawbacks and possible solutions. 
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CHAPTER 2 

LITERATURE REVIEW 

As already mentioned, we are analyzing the data of fossil fuel along with that comparing the data 

with solar and fuel cell energy. Based on the past and present research on these all three sources, 

we have planned our model. Before going to the model all the research works on this field are 

important to analyze to get a fruitful solution. 

 

2.1  BTS of Bangladesh 

In this research, we have analyzed the data on the base transceiver stations (BTS) of whole 

Bangladesh. Currently there are four mobile operators in the country and they are having 

150.945 million subscribers [1] in total. Currently, there are 37,287 BTS of different operators 

throughout the country. Among them Grameenphone has 10000 [2], Banglalink has 9000 [3], 

Robi-Airtel has 14487 [4] and Teletalk is at the bottom of the list with 3800 [5] BTS. The 

number varied from region to region on the base of demand. These four operators run all the 

BTS and other service providers also use their BTS on rent for space. 

 

2.2  BTS requirement and traditional power supply 

Basically all the BTS are run by grid current and during the load shedding period operators use 

diesel generators to run the BTS. Normally per BTS require 22398.57 KW of energy annually, 
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according to the paper [6]. That means each BTS needs 2.56 KW per hour. Total power and 

energy consumption of the main BTS consists of some parts. Based on [7], total consumption 

can be represented as: 

Pbts = Pdp + Pampl + Pru + Pcov + ∑ Pac + ∑ Plb 

Ebts = Pbts .t 

Where, 

Pbts= Total Power of BTS 

Ebts=Energy Consumed 

t = Operating Time 

Pdp= Power of Digital Signal Processing 

Pampl= Power of Amplifier 

Pru= Power of Radio Unit 

Pcov= Power of AC/DC Converter 

∑ Pac=Power of Total Air Conditioner 

∑ Plb= Power of Lamp 

The radiofrequency equipment (power amplifier along with the transceivers and cables) 

consumes the largest amount of energy which is nearly 65% of the total energy. Besides other 

components of the base station, major energy consumers are digital signal processor (10%), air 

conditioning (17.5%) and the AC/DC converter (7.5%). 

As a developing country, Bangladesh has not been able to meet the 100% demand of electricity. 

As a result, annual reports reflect the minimum two hours of load shedding in every line on 
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average. If we calculate only this load-shedding period, the required power for per BTS is 5.11 

KW per day. So we need backup plan for this amount of energy. All the operators are using 

diesel generators for this period of time as backup solution. 

 

2.3 Recent condition and future of fossil fuel 

Fossil fuel refers to the natural resources like coal, petroleum, gas etc. which are not unlimited in 

number. The use of preserved fossil fuel has increased so drastically since the invention that it is 

on the way to get finished in near future. According to [8], in last 200 years, the use of fossil fuel 

has increased dramatically and put serious impact on the environment. 

 

 

 

 

 

 

 

 

 

Fig 2.1: Energy reservation and future ending [8]. 

The above graph shows that the crude oil in going to be ended within 2052 if the rate of 

consumption remains the same. On the basis of BP global report 2016 [9], the rate of 
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consumption vs. production shows the clear scenario of decreasing of crude oil. Moreover, 

also the price of crude oil variation in different region reflects the increasing of price over the 

years. 

 

 

 

 

 

 

 

 

 

Fig 2.2: Crude oil price over the years in different region [9]. 

Another study of [10] indicates the inversely proportional relationship between growing 

demand of crude oil and the production rate over the years where the above statement has 

been proved that within 2052 the world will be out of reserved crude oil. As a result, 

definitely the necessity of alternative sources will rise. 
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Fig: 2.3: The growing gap of regular conventional oil [10]. 

*** The red dotes are the rising demand 

*** Yellow lines shows the future production rate of crude oil 

 

Now if we consider the prices of diesel in Bangladesh over the past years, the graphs will 

also help us to predict the future data. According to [11], in 2018 the diesel price in 

Bangladesh in 0.77$ per liter which is equivalent to 65 taka. Referring to [12], this price was 

0.3$ (25 taka) in 1996. From the graph, mentioned below reflects the increasing rate. On an 

average, the diesel price is increasing 1.81% per year in Bangladesh. From where, it can be 

predicted that in 2032 means after 15 years from now, the price will be 1.06$ (90 taka) per 

liter or even higher as we already the reduction rate of crude oil in nature is higher than any 

time before and there is hardly any hope to reverse the scenario. 
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Fig 2.4: The rate of changing of diesel price in Bangladesh [12]. 

 

To add with that, if this is the scenario, in 2050 it can be predicted that the diesel price will 

be 123 taka per liter which is more than double of today’s price. 

The above data analysis clearly shows why we must look forward to alternative source of 

energies before the crisis hit badly in the economy. 
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2.4 Solar cell (Recent and near future) 

Solar cell has been the most efficient form of renewable energy after being developed day by 

day. Photovoltaic module which is often addressed as solar module is the major part of the 

system which produces electricity by converting the sun light. These modules are mainly 

made with silicon crystals and they are arranged layer by layer on the basis of n-type and p-

type. Whenever the sun light falls on the module, it creates ‘Photovoltaic Effect” which 

converts them into electricity. After that, the produced electricity needs to get stored in 

battery. Therefore, solar energy is the perfect renewable energy source as it does not need 

fossil fuel or any other fuel to burn, it uses the day light, no carbon emission and no noise 

production. For running a BTS, solar energy is the most efficient source. 

The output of the panel depends on the efficiency of the module which has been developed 

over the years. In 1839, [14] when Aleixandre Edmond Becquerel discovered such material 

which could convert the light into electricity. Mainly, in 1840 William Grylls Adams built 

the world’s first photovoltaic power source whose efficiency was 1-2%. Nowadays, the solar 

panel we use was basically developed in early 1950s. D.M. Chapin, C.S. Fuller, and G.L. 

Pearson of Bell Laboratory invented it in 1954 where they used silicon, having efficiency of 

4%. In the early 1990s, the cell got emerging improvement in efficiency which is almost 30% 

but it was not suitable for wide use. Later on, in 2000, Sandia Laboratories built the DC to 

AC inverter, which converted the DC current into AC current which is usable for household 

and others. In the recent 10 years, the developing has been remarkable in the commercial 

side. Commercial solar panels now have efficiency up to 29% whereas in lab test, it has 

touched 46%. 
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Fig 2.5: Cell efficiency development in research [13]. 
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According to [13], the efficiency developing graph shows the scenario is rising which 

definitely reflects bright future of solar panel. 

Along with the efficiency gets higher, the price of solar panel gets lower. Most importantly 

the decline rate is remarkable. Based on [15], it shows that the solar PV price was 7.5$ per 

watt in 2009 which became 1.6$ per watt in 2017. The installment cost reduced 70% since 

2010. This fabulous decline rate in international market is making the solar panel more and 

more efficient for the commercial uses. 

 

 

 

 

 

 

 

Fig 2.6: Decline rate of price for solar PV ($/watt) and annual installed solar PV capacity 

(MW-DC) [15]. 

 

Besides, with the development of semiconductor materials the efficiency can be achieved much 

more than this. With the current materials theoretically the efficiency can be achieved up to 50%. 

In that sense, after 10 years the manufacturing cost may be below $1 per watt. 
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According to [16], the size (sq. feet) depends on the output of the panel for the home and 

commercial use. Although it can vary based on efficiency. As a result, for higher efficiency it 

needs more panels for the same KW system which depends on the user requirement. 

System Size Economy Panels 

(Square FT) 

Standard Panels 

(Square FT) 

Premium Panels 

(Square FT) 

5 KW 306 254 224 

10 KW 612 508 448 

15 KW 918 763 672 

 

Table 2.1: Panel area based on KW system [16]. 

 

Above data analysis clearly shows why world should move forward to solar energy sources in 

present and near future. 

 

2.5  Fuel cell (Recent and future) 

In the current situation, the rising price of crude oil in the worldwide in pretty clear. So after 10 

years, the price of oil will be so high and also the use of them. In that case, we must move 

towards to renewable energy for the BTS. In that case, we cannot merely depend on the solar 

cells for it. Cause the efficiency of the cells are still much low. Merely depending on the solar 

panels will not be a solution. Other sources can be gas, wind turbine, fuel cell or others. We can 

consider ‘Fuel Cell’ as one of the alternatives. 
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A fuel cell is a device which takes stored chemical energy and converts it to electrical energy 

directly. Essentially it takes the chemical energy that is stored within whatever energy source 

you have such as hydrogen, gasoline or methane and then through two electrochemical reactions 

it converts it directly to electricity. Since the conversion of the fuel to energy takes place via an 

electrochemical process and not combustion, the process is nonpolluting and efficient (three 

times more efficient than fuel burning). Fuel cells are theoretically much more efficient than 

conventional power generation. Example of energy conversions for a coal fired power station: 

Where chemical energy in coal in converted to heat. Heat (in the form of steam driving a turbine) 

is converted into mechanical energy. Then the mechanical energy is converted to electrical 

energy. Each conversion has its own inefficiencies, so the overall process is very inefficient. A 

fuel cell converts chemical energy directly into electrical energy and is, in theory, much more 

efficient. 

 

There are different forms of fuel cell [18]. Such as: 

• Polymer electrolyte membrane fuel cells. 

• Direct methanol fuel cells. 

• Alkaline fuel cells. 

• Phosphoric acid fuel cells. 

• Molten carbonate fuel cells. 

• Solid oxide fuel cells. 
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Among them mostly used fuel cell is polymer electrolyte membrane fuel cells. Advantage of this 

cell is it requires only hydrogen; it can take oxygen from air and water to run. They are basically 

fueled with hydrogen which is added by reformers or fuel tanks. It operates relatively in lower 

temperature than other fuel cells, around 80˚ C [18]. 

As this is the new technology as energy source, lots of research works are still on process to 

make it affordable for all over the world. Still, the price graphs show that the rate of price is 

decreasing in an alarming rate. The stack price [19] of different forms of PEM fuel cells are 

declining over the years. 

 

 

 

 

 

 

 

 

 

 

Fig 2.7: PEM stack price declining [19]. 

A study of U.S Department of Energy [20] shows that the projected system cost of PEM fuel cell 

in KWnet is decreasing in terms of manufacturing. 
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Fig 2.8: PEM fuel cell system cost declining in terms of manufacturing [20]. 

 

Different fuel cell and energy solution companies are using proton membrane as the fuel for their 

fuel cell generator which is already being used in different countries for the BTS sources. This 

generator is much more efficient, reliable with low maintenance cost along with no vibration and 

ensures green environment with zero carbon emission. Although, initial installment cost is high 

but yearly maintenance cost is low. Moreover, this is still ongoing research project; more 

developments will reduce the price of stack and generator in near future. 
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CHAPTER 3 

POPOSED MODEL AND DESIGNING 

 

3.1 Proposed Model 

A model has been proposed here for future solution which can be competitive with time. As the 

rate of fossil fuel is decreasing day by day, in near future all the power sources have to rely on 

the renewable energy sources or other alternative sources. In the circumstance, this model can be 

handy to provide full time power supply to the BTS. In the proposed model, we have made a 

combination of solar power source and fuel cell source with the final back up of diesel generator. 

Three alternative sources connected in parallel along with main grid which will be controlled by 

a controller system to activate one power system at a time to provide the necessary power to the 

system. First priority is set to grid line. When the grid fails to supply, the controller will 

automatically shift the input connection to other alternative energy sources one by one. After the 

controller decides the source, DC bus will supply the voltage to BTS and another connection will 

go to the air conditioner and other loads through buck converter and inverter. Design and 

flowchart is discussed in next subchapter. 
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3.2 Design 

The design, provided in this chapter (Fig: 3.2) is the proposed model where all the sources are 

connected in a system to run the BTS. Here, the main source is coming from the grid line which 

provides 220 V AC supply. AC current comes from the grid and gets converted into 48 V DC 

supply by the rectifier. Then the connection goes to the controller system which sends the DC 

current to the DC bus. DC bus provides same voltage to the BTS and second connection goes to 

the buck converter. Here buck converter is being used to convert the 48 V DC to 12 V DC.  

 

 

 

 

 

 

 

 

 

 

Fig 3.1: Flowchart of the proposed model. 
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Along with that, inverter is used in between buck converter and the air conditioner and loads as 

the inverter converts the DC source into 220 V AC source. If the main grid fails, controller 

senses it and switches the connection to the solar system. Here we are using 8 KW solar panel 

which is providing 48 V DC supply. Therefore, no need to use rectifier in between the solar 

panel and the controller. Controller sends the voltage directly to the DC bus. In addition to that, 

if the solar panel fails to supply or being disconnected for maintenance purpose, controller senses 

it and switches the connection to the fuel cell source. 

 

 

 

 

 

 

 

 

Fig 3.2: Proposed design of the system. 

 

In this model, we are suggesting 8 KW fuel cell generator which provides 48 V DC supply to the 

line. As working as the solar cell, it does not require any rectifier in between the controller and 
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the source. Finally, diesel generator is added for last back up. When all the sources fail, 

mentioned above, then the diesel generator starts to run which can required for very short period 

of time or when the load shedding period increases more than two hours. In this connection, 

rectifier is added again as the diesel generator produces 220 V AC current which needs to get 

converter into 48 V DC. Again the controller sends the current to the DC bus. This is how, the 

model will work. This system shows the sources are connected in parallel so that more sources 

can be attached or the user can use fewer sources as well. 

 

3.3 Advantages of the proposed model 

Main purpose of the model is to make sure less dependency on the fossil fuel. We are using solar 

system and fuel cell generator as the alternative energy sources for the BTS. As the sources are 

connected in parallel so there are more rooms available for other sources or swapping any source 

with another source based on the condition of the country or user demand. Along with that, it is 

helpful for doing any maintenance of any source without hampering the electricity supply to the 

BTS. Although we are considering for two hours load shedding period in the circumstances of 

Bangladesh, this model is capable to supply electricity based on the demand just by upgrading or 

swapping the sources. Another important purpose is to make sure green energy which is a 

burning question in the modern era. As the model uses renewable energy sources, it produces 

zero carbon di oxide and no carbon emission is happening here, this model definitely will put 

important impact on the environment. How the model can reduce carbon emission is discussed 

on the chapter 5. Along with that, the output cost analysis yearly and over the next fifteen years, 

are showed and calculated in the chapter 4. 
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CHAPTER 4 

MATHEMATICAL MODEL 

In this chapter, we have calculated the yearly output cost of per year if a system is installed in the 

running year and also calculated the yearly cost of next 15 years. Thus we compared the outcome 

of different sources individually. Later on, we compared the diesel generator cost with solar and 

fuel cell source to show which one is more efficient. Therefore, we calculated our proposed 

model system cost by predicting the run time of in different season of the year. Along with that, 

we compared the proposed model system cost with the diesel generator to see the cost difference. 

Moreover, we also showed the difference between diesel generator costs and if our proposed 

model is run by only solar system as solar is the most efficient source of energy. Finally, we 

assumed the future fuel cell system cost to compare with the diesel generator cost to clarify our 

aim of the research. From above calculations, we can show the differences between all three 

sources and their future outcome cost. We have made the comparisons more visible to the user to 

let them decide what source to choose and why. All details calculations and data analysis with 

formula are discussed in the following sub chapters, where the user can change their input data 

according to need to get the ultimate output. 
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4.1 Diesel generator output 

Diesel generators are the traditional generators which all the operators use for their off grid 

period. Here we calculated whole data of installation cost along with diesel cost (Considering the 

rate of increase per year) and also based on the lifetime of the generator. Therefore, depreciation 

cost is also considered within the value. 

Yearly total cost of diesel generator, Tg= {Pg – (Dg* A)} + {(Dpl * T) * 365} 

Pg= Generator price in BDT 

Ld= Lifetime of generator 

Yearly depreciation of generator, Dg= Pg / Ld 

A = Age of generator in years 

T = Running time per day 

Dpl = Diesel price per liter in BDT 

Here we considered the diesel generator price = 1500000/- BDT (As the value varies for 

different providers or company, this is the average price of 10 KW diesel generator in 2018) 

Lifetime of generator, Ld= 20 years (Considering average lifetime of the generator) 

Diesel price per liter in 2018 = 65/- BDT [11] 

Diesel price increasing rate = 1.81% per year [11] [12] 



 
 
 

24 | P a g e  
 

Running time per day in hour, T= 2 hours (Considering the average load shedding time of 

Bangladesh per day) 

 

 

 

 

 

 

 

 

 

Fig 4.1: Diesel generator system cost over the years (2018 – 2032) 

In the above graph, it is showed that if the system is installed in 2018, initially at the first year 

total system cost is, 

Tg = {Pg – (Dg * A)} + {(Dpl * T) * 365} ………………. (i) 

     = {1500000 – (0 * 0)} + {(65 * 2) * 365} 

     = 1547450/- 

This is the first year total cost. From the next year, depreciation cost of diesel generator will be 

subtracted from the generator price of previous year, which we calculated as, 
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Dg = Pg / Ld = 1500000 / 20 = 75000 /- 

Same way, we calculated the total cost of next 15 years. 

 

This way the system will require total cost in 2032, 

Tg= {Pg – (Dg* A)} + {(Dpl * T) * 365} 

    = {1500000 – (75000 * 14)} + {(90.34 * 2) * 365} 

    = 515948 /- 

Where the diesel price, Dpl = 90.34 /- (With the increase rate of 1.81% per year) 

The user can give any input in the formula (i) to get the desired output of any year. 

 

4.2 Solar panel output 

Our main back up source of the proposed model is solar system. Here we calculated the full 

installation cost along with batteries and inverter (Considering the depreciation of both panel and 

batteries) and also the lifetime of both panel and batteries individually to get the total output. We 

are suggesting a 8 KW peak battery backup solar system whose operating load is 6.5 KW and 

gives output voltage 48 V DC and can give back up of 2 hours in full load condition. 

Yearly total cost solar panel system, Ts = [{Pp – (Dp * As)} + n * {Bp – (Db * Ab)}]…… (ii) 

Pp= Panel price (Including inverter) 
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Lp = Panel lifetime 

Yearly depreciation of panel, Dp = Pp / Lp 

As= Age of the panel in years 

Bp= Battery price 

Lb = Battery lifetime 

Yearly depreciation of battery, Db = Bp / Lb 

Ab = Age of the battery in years 

n = Number of batteries 

Here we considered the panel price, Pb = 897000/- (Varies from company to company) 

Panel lifetime, Lp = 20 years 

Battery price, Bp = 13074/- 

Number of batteries, n = 27 

Battery lifetime, Lb = 5 years 
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Fig 4.2: Solar panel system cost over the years (2018 – 2032). 

In the above graph, it is showed that if the system is installed in 2018, initially at the first year 

total system cost is, 

Ts = [{Pp – (Dp * As)} + n * {Bp – (Db * Ab)}] 

     = [{897000 – (0 * 0)} + 27 * {13074 – (0*0)}] 

     = 1250000/- 

This is the first year total cost. From the next year, depreciation cost of solar panel will be 

subtracted from the panel price of previous year, and also the depreciation cost of battery will be 

subtracted from the battery price of previous year, which we calculated as, 

Yearly depreciation cost of panel, Dp= Pp/ Lp= 897000 / 20 = 44850/- 

Yearly depreciation of battery, Db = Bp / Lb= 13074 / 5 = 2614/- 
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Same way we calculated the total cost of next 15 years. Batteries will be changed after every 5 

years. 

This way the system will require total cost in 2032, 

Ts = [{Pp – (Dp * As)} + n * {Bp – (Db * Ab)}] 

    = [{897000 – (44850 * 14)} + 27 *{13074 – (2614 *4)}] 

    = 339700/- 

The user can give any input in the formula (ii) to get the desired output of any year. 

 

4.3 Fuel cell output: 

Our secondary backup energy source is fuel cell source, which seems to be expensive in terms of 

primary installation cost along with the stack price. Still we showed the details cost analysis of 

the system. As this is going to be the most prolific source of energy in near future, we calculated 

and disclosed the recent installation with maintenance cost of now and next 15 years like we did 

for diesel generator and solar panel. In the proposed model, we suggested 8 KW fuel cell 

generator which requires hydrogen fuel stack to recharge and gives output of 48 V DC. 

Yearly total cost solar panel system, Tf = [{Pfg – (Dfg * Afg)} + ns * {S – (Ds * As)}]…… (iii) 

Pfg= Fuel cell generator price 

Lfg = Fuel cell generator lifetime 
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Yearly depreciation of fuel cell generator, Dfg= Pfg / Lfg 

Afg= Age of the fuel cell generator in years 

S = Stack price 

Sl = Stack lifetime 

Yearly depreciation of stack, Ds = S / Sl 

As = Age of the stack in years 

ns = Number of stacks 

Here we considered the fuel cell generator price, Pfg = 9786880/- 

Fuel cell generator lifetime, Lfg = 20 years 

Stack price, S = 364140/- (Horizon 1000 W PEM cell) [17] 

Number of stack, ns = 27 

Stack lifetime, Sl = 10 years 
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Fig 4.3: Fuel cell generator full cost over the years (2018 – 2032). 

In the above graph, it is showed that if the system is installed in 2018, initially at the first year 

total system cost is, 

Tf = [{Pfg – (Dfg * Afg)} + ns * {S – (Ds * As)}] 

    = [{9786880 – (0*0)} + 8 * {364140 – (0*0)}] 

    = 12700000/- 

This is the first year total cost. From the next year, depreciation cost of fuel cell generator will be 

subtracted from the generator price of previous year, and also the depreciation cost of stack will 

be subtracted from the stack price of previous year, which we calculated as, 

Yearly depreciation of fuel cell generator, Dfg= Pfg/ Lfg= 9786880 / 20 = 489344/- 

Yearly depreciation of stack, Ds = S / Sl= 364140 / 10 = 36414/- 
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Same way we calculated the total cost of next 15 years. Stacks will be changed after every 10 

years. 

This way the system will require total cost in 2032, 

Tf = [{Pfg – (Dfg * Afg)} + ns * {S – (Ds * As)}] 

    = [{9786880 – (489344 * 14)} + 8 * {364140 – (36414 * 4)}] 

    = 4683936/- 

The user can give any input in the formula (iii) to get the desired output of any year. 

 

4.4 Comparison and proposed model output 

In this sub chapter, first we compared the year based total price between diesel generator system 

along with the price of solar cell and fuel cell generator price which we got in the sub chapters of 

4.1, 4.2 and 4.3. 

Besides, we calculated the period wise yearly cost of our proposed model as in every season of 

the year, we do not need to run all the backups. We emphasized on the solar cell primarily as it is 

the cheapest convenient back up source. Along with that, when the solar panel will fail, we 

would move on the next source. Likewise we calculated for different period of time of the year. 

Later on we showed the calculation of diesel generator VS yearly cost of our proposed model, 

same way if it is installed in 2018 and estimated till 2032. 

Moreover, we showed the comparison between only solar panel and diesel generator cost. 
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And finally, we showed an assumed calculation of future fuel cell price and if so happened how 

it will affect the proposed model VS diesel generator graph. 

 

 

 

 

 

 

 

 

 

Fig 4.4: Comparison between diesel generator, solar panel and fuel cell energy (2018 – 2032) 

From the above graph, we can see the clear comparison between the three sources of energy. As 

we can see the first year cost is highest among the individuals as installation cost is included 

here. Overall, fuel cell energy got the highest pick with the maximum cost and solar energy is the 

cheapest form of back up energy among these three. 

After that we calculated the period wise cost of our proposed model. We divided the year in four 

different periods to run our proposed system. They are, 

1) January – March, 2) April – June, 3) July – September and 4)   October to December 

For the number 1 period of the year, the weather forecast in Bangladesh is mostly summer 

season, so the solar cell can provide full time back up (2 hours) to the BTS during the off grid 
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time. But the scenario is not the same for the number 2 period of the year. There are mostly rainy 

season in this period of time in Bangladesh, so the solar cannot get enough light to charge 

themselves, for this reason we considered the solar panel can meet 50% of the demand and rest 

50% time will be run by fuel cell. Following the order, during the number 3 period of the year, 

rainy season gets nearly done, so solar panel can get better time to recharge to give full time 

backup. We assumed this to be 75% and rest 25% will be given by fuel cell. And finally in the 

last period of the year, the solar will be able to get full time recharged to provide full service. 

Although this portion is during winter season, still the solar panel can get enough light to get 

recharged for giving full back up. 

 

 

 

 

 

 

 

 

 

Fig 4.5: Period VS system cost yearly (On average of 15 years) 

Per period cost, C = (Tsh * t) + (Tfh * t) + (Tgh * t) 

Solar cell cost per hour, Tsh = [{(Ts/12)/30}/24] 
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Fuel cell cost per hour, Tfh = [{(Tf/12)/30}/24] 

Diesel generator cost per hour, Tgh = [{(Tg/12)/30}/24] 

Running time in hours = t 

Total cost of the year, Cm = C1 + C2 + C3 + C4 

C1= First period cost 

C2= Second period cost 

C3= Third period cost 

C4= Fourth period cost 

In the fig 4.5, we showed the average of 15 years for each period cost. And it clearly shows 

that the cost in the second period of the year is higher than rest others as fuel cell back up is 

being used 50% of the time here, rest 50% will be provided by solar cell. And also in the 

third period, cost is little higher, reason is the same as fuel cell is being used 25% of the time 

and rest 75% is provided by solar cell. But the first and fourth period is the cheapest part as 

solar cell is going to give backup for full time here. 

Now, the comparison we showed for the total cost of the year of our system, Cm VS diesel 

generator cost. By the graph, we could find that in the most of the years, our proposed cost 

seems higher which has been for fuel cell. But the fact is, for the perspective of Bangladesh, 

solely fuel cell dependency is not possible. In that case, the price is adjusted by using solar 

cell most of the time. Moreover, this is based on the current pricing scenario of the fuel cell 
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which is much higher but in the near future it will keep decreasing but the diesel price will 

keep increasing. 

 

 

 

 

 

 

 

 

 

Fig 4.6: Cost per year for proposed model VS diesel generator cost per year (2018 – 2032). 

 

To solve this, we showed another comparison of solar cell VS diesel generator. We assumed 

the system to run in solar cell over the year then the graph shows the result and solar cell cost 

is much lower than the diesel generator cost. 
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Fig 4.7: Solar cell cost VS generator cost (2018 – 2032). 

And finally, as fuel is the most expensive source of energy among these three, our recent 

proposed model may also seem expensive. We assumed if after few years the fuel cell cost gets 

such lower that approximately the fuel cell generator cost become only twice of the diesel 

generator and the stack price gets more than 4 times lower than the recent time price, then how 

the scenario will look like. 

 

 

 

 

 

 

 

 



 
 
 

37 | P a g e  
 

 

 

 

 

 

 

 

 

Fig 4.8: Proposed system cost VS diesel generator (2018 – 2032). 

Here assumed fuel cell generator price, Pfg = 3000000/- 

Stack price, S = 800000/- 

Then calculated the total fuel cell cost, Tf for each year and then found out the value of our 

proposed model cost, Cm.  
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CHAPTER 5 

GREEN ENERGY 

5.1 Emission of CO2 

The burning of fossil fuels has increased at a significant amount over the last 50 years. 

Therefore, the emission of carbon dioxide and other greenhouse gases has increased heat in 

the lower atmosphere which is continuously warming the global climate. According to [21], 

the world has heated up approximately 0.85 degree Celsius since 1850. This heat change is 

causing extreme weather change such as sea level rising, glacier melting and precipitation 

pattern change. Also other weather events are becoming more frequent and catastrophic. This 

increase in heat is causing many extreme diseases to increase such as respiratory diseases 

because the increase in heat produces pollen and other aeroallergen which can trigger asthma 

affecting around 300 million people worldwide. As well as, this ongoing temperature rise is 

going to increase this problem in a more catastrophic disaster. Based on [22], due to higher 

energy demand the increase in carbon dioxide emission rose to approximately 37 billion 

metric ton in the year 2017 which is the highest ever. 
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Fig 5.1: Diesel generator, polluting environment [23]. 

 

5.2 Why green energy? 

We have very limited resources on our earth so eventually every resource will extinct after a 

certain period of time. So the best step against this threat is to convert our need of energy to 

green energy sources. At present many developed countries are converting to green energy 

sources due to limited resources and nature consciousness. Besides, green energy has a lot of 

benefits on our nature. Carbon di oxide emission is overloading our atmosphere with global 

warming which is causing severe impact on the nature such as frequent storms, sea level rise, 

drought, extinction. The rise in heat worldwide has grown into a crucial position as the 

carbon di oxide emission has hit record break the last year. 
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Fig 5.2: Temperature anomaly graph [24]. 

 

From the above graph, we can see that the temperature rising rate from 1850 to 2017 which 

looks dangerous in recent past. 
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5.3 CO2 emission by diesel fuel 

This is approximate fuel consumption for different KW/KVA diesel generator. 

Generator size 1/4 load 

(Liter/Hour) 

1/2 load 

(Liter/Hour) 

3/4 load 

(Liter/Hour) 

Full load 

(Liter/Hour) 

8 KW / 10 KVA 0.9 1.2 1.7 2.1 

10 KW / 12 KVA 1.0 1.4 2.1 2.6 

12 KW / 15 KVA 1.3 1.8 2.6 3.2 

16 KW / 20 KVA 1.7 2.4 3.5 4.3 

20 KW / 25 KVA 2.1 3.0 4.3 5.4 

24 KW / 30 KVA 2.6 3.6 5.2 6.4 

32 KW / 40 KVA 3.4 4.8 7.0 8.6 

40 KW / 50 KVA 4.3 6.0 8.6 10.7 

60 KW / 75 KVA 6.4 9.0 12.7 16.1 

80 KW / 100 KVA 8.3 11.9 16.1 21.4 

120 KW / 150 KVA 10.9 17.3 24.1 32.1 

160 KW / 200 KVA 14.1 22.9 32.7 42.8 

200 KW / 250 KVA 17.4 28.6 40.8 53.5 

280 KW / 350 KVA 23.7 39.3 56.0 74.9 

400 KW / 500 KVA 33.3 55.6 79.6 107.0 

 

Table 5.1: Approximate diesel fuel consumption [25]. 
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From the table 5.1, we can see that for a 10kW/12kVA generator 2.6 liters of fuel is needed per 

hour to operate with full load. According to [26], each gallon of diesel fuel consists of 2,778 gm. 

of pure carbon and when carbon is oxidized each gm. of carbon produces 3.666 gm. of carbon di 

oxide. Usually in a diesel engine of liquid hydrocarbon burning engine 99 percent of fuel 

oxidizes and 1 percent emits as particulates.  

 

1 gallon = 3.78541 liter 

3.78541 liters contains 2778 gm. for carbon. 

So, 2.6 liters of diesel fuel contains 2778*2.6/3.78541 = 1908 gm. of carbon 

Therefore, a 10kW/12kVA generator produces 1908*3.666* 0.99 = 6925 gm. of carbon di oxide 

each hour. 

 

5.4 Comparison in terms of Bangladesh 

According to [27], the carbon di oxide emission per capita for the year 2016 was 0.46 metric tons 

in Bangladesh. This emission per capita of Bangladesh has increased from 0.18 metric tons in the 

year 1997 to 0.46 metric tons in 2016. And so the average growing rate annually is 5.17%. Here 

carbon dioxide emission occurs due to fossil fuel burning and manufacturing of cement and other 

industrial products. 
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Fig 5.3: Bangladesh CO2 emission per capita graph [27]. 

 

According to [28], in the year 1972 the total amount of carbon dioxide emission was 3509 

kiloton which has increased up to almost 75000 kiloton in 2014. So the increasing rate is 

1700 kiloton per year. So according to the increasing rate the emission will be almost 80000 

kiloton. So in 2028 it will be minimum 97000 kiloton. 

On the other hand Base Transceiver Station produces .018 metric ton of carbon dioxide per 

year due to fuel burning in generator during the load shedding which is for an average of 2 

hours daily. 

At present (2018), the total number of Base Transceiver Stations are 36487. The Increasing 

rate of Base Transceiver Station per year is approximately 2351. As per increasing rate the 

total number of Base transceiver Station will be approximately 60000 in the year 2018. So 
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the CO2 emission in 2028 is almost 300 kiloton. If we use green energy for powering Base 

Transceiver Station then we can reduce 300 kiloton of carbon dioxide. 

For Bangladesh, 

Y= Current Year 

N= Year Difference 

X= Current Carbon dioxide emission condition 

Z= Increasing rate per year 

So, 

Y + N = X + Z * N 

2018 + 10 = 80000 + (1700 * 10) 

 2028 = 97000 kilo ton 

It shows that in 2028, CO2 emission will be 97000 kilo ton in Bangladesh. 

 

Now, for Base Transceiver Station, 

Y= Current Year 

N= Year difference 

X= Current Carbon dioxide emission from Base Transceiver Station 
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Z= Base Transceiver Station Increasing rate per year 

C= Carbon Dioxide emission per Base Transceiver Station  

So, 

Y + N = X + (Z * N * C) 

 2018 + 10 = 188495106 + (2351 * 10 * 4988) 

 2028 = 306 kilo ton (approx.) 

Here, 

X = CO2 emission per hour for generator per BTS * Usage hour * Days * Number of BTS 

    = 6.925 kg * 2 * 365 * 37287 

    = 188495106 kg 

Means the recent BTS can produce 306 kilo ton CO2 in 10 years. Whereas if we use our 

proposed model, this amount of CO2 emission can be prevented after 10 years. 

 

 

 

 

 



 
 
 

46 | P a g e  
 

CHAPTER 6 

CONCLUSION 

6.1 Summary 

In the whole research, we analyzed the condition of recent and future of diesel generator, 

solar cell and fuel cell. Along with that, we proposed a model which can combine the three 

backup sources, mostly reliable on the solar cell and fuel cell. We discussed the basic 

mechanism of the proposed model along with that we calculated the individual data of diesel 

generator, solar panel and fuel cell source and also the combination in between them. Besides 

we also showed the comparison of diesel generator usage cost with the proposed model 

yearly outcome along with the outcome of next 15 years which must help the user or the 

provider to choose the best solution for them. And finally, we also added the CO2 emission 

data of the world and emphasized on the scenario of Bangladesh. Added with that, we 

calculated the CO2 emission data for BTS on each year and showed how our proposed model 

can be handy to reduce the CO2 rate of the environment. 

 

6.2 Drawbacks and possible recovery of the proposed model 

Main drawback of the system is the cost difference. The fuel cell technology is a new 

invention and a developing one. So it is an expensive option at present. But in future the 

price might decrease as shown in figure [4.8]. In our proposed model we demonstrated the 

alternative power sources for BTS because in near future fossil fuel is going to be extinct. So 
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companies will need a different power source to power their BTS. We have shown 

comparisons with different combinations between fuel cell, solar and diesel so that the user 

can choose a preferable option. 

 

6.3 Future works 

Future development and upgrade can be huge in this base design as there are lots of room to 

develop the whole system and also room for adding more sources. This is just a future 

visualization for the companies to look what happens and what may happen in the costing for 

different sources of energy. We calculated only for the BTS though, but the dependency on 

fossil fuel must be reduced from all sector to go for green energy in near future. We are not 

claiming that these data are the best and also not recommending particular one source, the 

user and the companies have freedom to choose their own based on their demand and future 

prospects. 

In the conclusion, we can say that this paper is a reflection of cost analysis for the Base 

Transceiver Stations in Bangladesh which can be implemented at any other system based on 

the requirement. In the other cases, the design may vary for other. 
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APPENDIX 
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