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 Abstract 
 

 

This project work focuses on energy yield assessment and feasibility analysis of a grid 

tied solar photovoltaic power plant in coastal region of Bangladesh. Bangladesh is 

experiencing a gradual depletion of its primary energy resource such as natural gas and 

time has come to explore and harness the full potential of alternative energy sources to 

ensure our long-term energy security as well as sustainable economic development.  

 

Realizing the importance, Bangladesh Government attaches due importance on 

renewable energy. One of the most common sources of renewable energy now a day is 

solar and its production over other energy sources rising globally. With the 

advancement in carbon emission reduction and the development of low carbon power 

system, solar power technology has become a new hot issue of renewable energy and it 

is of crucial importance to solve the interlinked global challenges of climate change and 

energy security.  

 

The selected site located at sabrang, Teknaf, Cox’s Bazar near to BREB substation 

Teknaf-4 (Proposed), latitude is 20.83º N and longitude is 92.31º E. Global Horizontal 

Irradiation (GHI) at sabrang is 1863 kWh/m2 /Year. To assess solar irradiation and 

estimate annual energy yield for this location, a simulation has been conducted with 

photovoltaic simulation software PVsyst version 7.1.2. This project work also taken into 

account all measurable loss factor such as optical losses, PV array losses, DC to AC 

conversion losses and others system losses.  

 

Finally, a financial analysis has been done by calculating the key financial profitability 

indicators such as levelized cost of electricity (LCOE), net present value (NPV), internal 

rate of return (IRR), Payback period (PBP) benefit-to-cost ratio (B/C) or profitability 

index (PI). Project work also assessed the measurable risk for this selected project.  
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 CHAPTER 1 

 INTRODUCTION 

 

 

1.1 General Introduction 

Energy plays a pivotal role in our daily activities. The degree of development and 

civilization of a country is measured by the amount of utilization of energy by human 

beings. Energy demand is increasing day by day due to increase in population, 

urbanization and industrialization. On the other hand, the world’s fossil fuel supply such 

as coal, petroleum and natural gas will thus be depleted in a few hundred years. The rate 

of energy consumption increasing, supply is depleting resulting in inflation and energy 

shortage this is called energy crisis.  

 

Renewable energy is the alternative sources of energy, that have to be developed to 

meet future energy requirement. The most popular renewable energy sources currently 

are solar wind, hydro, tidal, geothermal and biomass energy.  Solar is one of the fastest 

growing energy sources in the world. The energy is free and the supply is unlimited. 

The largest photovoltaic power plant in the world is Tengger Desert Solar Park, 

produces 1,547 MWp and it is located at Zhongwei, Ningxia, China. Since Bangladesh 

has abundant sources of renewable energy especially sunlight, it can fulfill to major part 

of the energy needs of the country. Grid interconnection of photovoltaic (PV) power 

generation system has the advantage of more effective utilization of generated power.  

 

In 2019, the global energy related CO2 emissions recorded around 33 Gt. The 

photovoltaic power plants not only give us power, it also avoids the CO2 emissions to 

produce electricity and power generation from PV is continuously increasing. Based on 

the total electricity generated by the cumulative PV capacity installed globally at the 

end of 2019, around 720 Mt of yearly CO2 emissions were avoided. This amount is 

calculated based on the emissions that would have been generated from the same 

amount of electricity produced by the different grid mixes in all countries and taking 

into consideration life cycle emissions of PV systems. This represents around 5.5% of 

the total power sector emissions according to (IEA-PVPS report, snapshot of the global 

PV markets-2020). 
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1.2 Solar PV Development Worldwide 

Based on the report a snapshot of the global PV markets-2020 (Arnulf Jäger-Waldau, I. 

Kaizuka, Alice Detollenaere, Johan Lindahl, 2020) by end of the 2019 estimated 12% 

that around to 115 GW solar photovoltaic market were increased. Strong demand 

observed in Europe, United States and emerging markets around the world at the end of 

the decade, on the other hand substantial decline occurred in China, which is the largest 

market in the world. In 2019 solar PV global market grew about 44% except China. 

Including on and off grid the total global capacity is 627 GW by end of the 2019, 

compares to a total of less than 23 GW only 10 years earlier presented in Figure 1.1. 

  

 

Figure 1.1 Evolution of cumulative installed capacity for photovoltaic 

 

By end of the 2019 the total cumulative installed capacity amounted globally 627 GW. 

China continues to lead with a cumulative capacity of 204.7 GW, followed by the 

European Union 131.3 GW, the USA 75.9 GW, Japan 63.0 GW and India 42.8 GW. In 

the Asia-Pacific region, Australia reached 14.6 GW and Korea 11.2 GW. In the 

European Union, Germany leads with 49.2 GW, followed by Italy 20.8 GW and the UK 

13.3 GW. Rest of all other countries that added below the 10GW capacity in 2019. 
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Figure 1.2 Global photovoltaic market in 2019 

 

Demand of solar photovoltaic power is expanding day by day for the residential and 

commercial applications. Due to fossil fuels costs and CO2 emission solar photovoltaic 

power system will be the most competitive and alternative option to produce electricity 

in future. Cumulative capacity of top ten countries in 2019 presented in figure 1.3. 

 

 

 

Figure 1.3 Solar PV cumulative capacity of top 10 countries in 2019 
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Figure 1.4 illustrated about solar power plant total installed cost, that contains cost of 

PV Module & Balance of system. Balance of system contains the cost of Hardware, 

Equipment Installation & and soft cost.  

 
figure 1.4 Total installed cost 

 
 

Total installed costs of solar power plant declined accordingly with decline of PV 

module and balance of system cost, as per (Michael Taylor, 2020) the installed costs 

declined 13% from 2018 and 79% from 2010 but capacity factor stable around 18% up 

to 2019 showed in figure 1.5. 

 

 
Figure 1.5 Solar PV cost trends & Capacity factor 

 

Bangladesh is a semi-tropical region lying in northeastern part of South Asia gets 

abundant sunlight year around. This means that a largescale PV project in 

Bangladesh would be sensible and compliant with industry trends. The increase in 

Solar PV developments is not by chance but rather it is due to a combination of 

proven technology (thus lowering PV prices) and government’s FIT’s ensuring fixed 

sustainable incomes for longer periods. 
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1.3 Problem Statement 

Bangladesh is experiencing a gradual depletion of its primary energy resource such as 

natural gas and time has come to explore and harness the full potential of alternative 

energy sources to ensure our long-term energy security as well as sustainable economic 

development. Realizing the importance, Bangladesh Government attaches due 

importance on renewable energy. One of the most common sources of renewable energy 

now a day is Solar and its production over other energy sources rising globally. With 

the advancement in carbon emission reduction and the development of low carbon 

power system, solar power technology has become a new hot issue of renewable energy 

and it is of crucial importance to solve the interlinked global challenges of climate 

change and energy security.  

 

In Bangladesh, 93.0% of total populations have access to electricity but reliable and 

quality power is still a faraway. The government had earlier prepared a Power System 

Master Plan-2016 (PSMP) to improve and expand electricity supply to support GDP 

growth in the 7 to 8 percent range. According to Power System Master Plan-2016, total 

generation capacity requirement will be about 94,000 MW to meet the demand 82,292 

MW in 2041 for high case studies. To meet the renewable energy policy target 10%, as 

per plan the renewable based capacity will be 9,400 MW by 2041 and 2,800 MW by 

2021. Total generation capacity requirement will be about 79,500 MW to meet the 

demand 72,000 MW in 2041 for low case studies. To meet the renewable energy policy 

target 10%, as per plan the renewable based capacity will be 7,950 MW by 2041 and 

2,600 MW by 2021.  

 

The government is currently preparing the competitive bidding by IPPs, drafting FIT 

and providing other incentives (mainly financial ones) for renewable energy businesses. 

In seventh five-year plan (FY2016-FY2020), the Government adopted a strong and well 

-rounded reform Programme to increase the supply of electricity involving substantial 

investment, sector reforms and regional trade.  

1.4 Research Gap and Motivations 

The main purpose of this report is to present a realistic approach for producing a 

feasibility analysis of 10MW grid tied solar park at coastal region in Bangladesh. But 

feasibility study of grid tied solar park at coastal region in Bangladesh, doesn’t receive 
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much attention in the literature. This lack of research is the inspiration for this study. 

This study will serve as a meticulous guide for solar PV developers in Bangladesh via 

highlighting the local policies and risk assessment and financial analysis for the 

unilateral fulfilment of financial return. 

 

In the context of Bangladesh, the required land acquisition for the project is very much 

tuff and considered one of the crucial important and difficult tasks, that’s why we 

choose non agriculture field as per GoB guideline in coastal region, most of the field is 

using as salt bed. We successfully overcome land acquisition complexities by selecting 

suitable location. The solar irradiance level at sabrang, which are comparatively higher 

than other’s location of the country, that is the main advantages for this proposed 

project. The government is currently preparing the competitive bidding by IPPs, 

drafting FIT and providing other incentives (mainly financial ones) for renewable 

energy businesses. FIT for renewable power is comparatively higher than conventional 

Power plant, that will be very much helpful for revenue return and financial feasibility.  

 

1.5 Objectives of the study 

The main purpose of this report is analyzing feasibility of 10MW grid tied solar park at 

coastal region in Bangladesh. To achieve this main objective, the following goals will 

be attempted:  

 To estimate of solar irradiation for the project located at sabrang, Teknaf, the site 

location Latitude is 20.83° N, and Longitude is 92.31° E 

 To estimates annual electrical energy production and revenue. 

 To calculate initial investment & yearly operational expenses 

 To find out financial feasibility of 10MW grid tied solar park by calculating Net 

Present Value (NPV), Payback Period, Internal Rate of Return (IRR) and 

Profitability Index (PI) or Benefit to cost ratio (B/C).   

 

1.6 Methodology 

 

1.6.1. Site identification 

According to solar resource map of Bangladesh (Appendix 1), higher solar potentials 

observed at Chattogram division. Cox’s Bazar district as well as Teknaf region showing 
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maximum solar potentials (deep red marked) comparatively than other locations of 

Bangladesh. That’s why author select Teknaf region for analysis feasibility of 10MWac 

grid tied solar park at Sabrang, Teknaf near to proposed 10MVA PBS substation 

(Teknaf-4). The selected site Latitude is 20.83° N and Longitude is 92.31° E. 

 

1.6.2. Data collection 

Solar resources and meteorological data are the most important input to calculate yearly 

energy yield of a solar power plant. Relevant data (global horizontal irradiation, direct 

normal irradiation and diffuse horizontal irradiation) can be sourced from different data 

source such as METEONORM7.3, NASA's Surface Meteorology and Solar Energy 

(NASA-SSE), National Renewable Energy Laboratory (NREL) and Photovoltaic 

Geographical Information System (PVGIS TMY). METEONORM7.3 data set is 

comparatively reliable than other data set. Information about national grid and grid 

substation capacity will be needed to make a plan for power plant hook-up with national 

grid to inject the generated power.  

 

1.6.3. Data analysis and feasibility study 

After selecting site location, meteorological dataset, such as solar irradiation, ambient 

temperature, wind speed and relative humidity are found by conducting simulation with 

PVsyst software.  comprehensive analysis has been done on collected meteorological 

data, grid information and project design. Based on the project design, estimates annual 

electrical energy production & revenue of planned 10MW grid tied solar park. Initial 

investment and yearly operation expenses figure out by the discussion with technical 

expert and related materials supplier.  

 

The literature review covers site potential assessment using PVsyst Software, grid 

connected photovoltaic systems, module mounting system, solar inverter topology, 

string sizing, tilting angle and pitch optimization, annual energy yield estimation, 

Calculate CAPEX and OPEX, risk assessment and find out feasibility. 

  

Finally, financial feasibility analysis of 10MW grid tied solar park has been done by     

calculating Net Present Value (NPV), Payback Period, Internal Rate of Return (IRR) 

and Profitability Index (PI) or Benefit to cost ratio (B/C). 
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1.7 Organization of the Project 

This thesis consists of six chapters, along with a list of references and appendices, 

references and appendices are presented at the end of the thesis as follows: 

 

Chapter 1 is entitled “INTRODUCTION” this chapter describes the general 

introduction, solar PV development worldwide, background of this research for 

feasibility analysis of grid tied solar park in coastal region, Bangladesh. Research 

objectives and outline of the methodology (Appendix 2) are also described here. 

 

Chapter 2 tilted “LITERAURE REVIEW” discussed the theoretical background of grid 

connected photovoltaic systems. Previous studies focusing on site potential assessment 

using PVsyst Software, module mounting system design, solar inverter topology, string 

sizing, calculation of tilting angle and pitch optimization, annual energy yield 

estimation, calculation of initial investment and yearly operational expenses, risk 

assessment and financial analysis. 

 

Chapter 3 named “SIMULATION AND RESULTS” this chapter presents simulation 

procedure step by step with photovoltaic simulation software PVsyst 7.1.2 and finally 

generate a report that contained simulation results. 

 

Chapter 4 titled “SOLAR RESOURCES AND ENERGY YIELD ASSESMENT” The 

topics discussed in this chapter are solar resource assessment, comparison of solar 

resource data such as GHI, DHI, DNI, GII, climates, losses during operation and energy 

yield calculation for an annum or life time 20 years. 

 

Chapter 5 entitled “FINANCIAL ANALYSIS” This chapter discussed about solar 

power economics, project cost, sales revenue and financial analysis and financial 

indicators such as net present value (NPV), internal rate of return (IRR) and benefit to 

cost ratio (B/C) or profitability index (PI). 

 

Chapter 6 termed as “CONCLUSION AND RECOMMENDATIONS FOR FUTURE 

RESEARCH” This chapter briefly summarizes the work of this thesis, the findings, and 

provides recommendations for future research.  
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 CHAPTER 2 

 LITERATURE REVIEW 

 

2.1 Introduction 

A literary review on feasibility analysis of grid tied solar park and the theoretical 

background of grid connected photovoltaic systems, system design, solar resource 

assessment and financial analysis techniques are described in this chapter. 

 

2.2 Major components of Grid Tied Solar Park 

A schematic diagram (Ramanan P., Kalidasa Murugavel K. Karthick A., 2019) of the 

grid-tied solar park shown in figure 2.1. The major components of photovoltaic system 

are PV module, module mounting structure, string combiner box, solar inverter, 

switchgear, transformer, weather station and SCADA. Description of major components 

as follows. 

 

 

Figure 2.1 Schematic diagram of grid tied solar park 
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2.2.1 Solar PV modules 

These modules convert solar radiation directly into electricity through the photovoltaic 

effect in a silent and clean process that requires no moving parts. The PV effect is a 

semiconductor effect whereby solar radiation falling onto the semiconductor PV cells 

generates electron movement. The output from a solar PV cell is DC electricity. A PV 

power plant contains many cells connected together in modules and many modules 

connected together in strings to produce the required DC power output. For this project 

selected PV module specifications presented in table 2.1. 

Table 2.1 PV Module specification at standard test condition 

Parameters  Value 

Manufacturer Trina Solar 

Model TSM-DE18M(II) 

Cell Type  Monocrystalline  

Maximum Power, PMAX (Wp) 505 

Maximum power voltage, VMPP (V) 43 

Maximum power current, IMPP (A) 11.75 

Open circuit voltage, VOC (V) 51.9 

Short circuit current, ISC (A) 12.35 

Module Efficiency ƞm (%) 21.1 

Temperature co-efficient of Voc (%/oC) -0.26 

Module Length (mm) 2176 

Module Width (mm) 1098 

Module Thickness (mm) 35 

Module Weight (kg) 27 

2.2.2 Module mounting structure (MMS) 

The mounting structures are used to support the solar PV modules. Solar panels are 

mounted on iron fixtures so that they can withstand wind and weight of panels. The 

panels are mounted to face south in northern hemisphere and north in the southern 

hemisphere. According to (NI Hongjun, LU Wenfan, Wang Xingxing, Lu Haoyang, 

Zhang Yongpei, Zhang Minqi, 2015) mounting systems may be either fixed or tracking 

type. 

 

Fixed mounting system: A fixed-tilt system positions the modules at a fixed tilt angle 

and orientation that depends on the location. Fixed tilt systems are typically used for 

large projects and are comprised of either single-post or dual-post designs. Especially 

for large facilities, a fixed tilt system results in high-cost savings in terms of assembly 
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time due to a smaller number of posts needing to be placed. We have considered 19o PV 

array tilting angle for this project. 

 

Figure 2.2 Fixed tilt mounting system 

Tracking System: while solar tracker systems automatically adjust the positions of the 

PV array so that the PV modules consistently “track” the sun throughout the day. 

Compared to a fixed-tilt PV array (Rustu Eke, Ali Senturk, 2012) 30.79% more PV 

electricity is obtained in the double axis sun-tracking system for the same size array.  

 

There are solar PV module mounting structures that can be tracked either manually or 

automatically based on the movement of the sun. The tracking system is further 

classified as single axis tracking and dual axis tracking. 

 

Figure 2.3 Horizontal single axis tracker 
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Figure 2.4 Horizontal single axis tracker rotation 

single-axis solar trackers track the sun east to west, rotating on a single point, moving 

either in unison, by panel row or by section, presented in figure 2.3 and 2.4. Single-axis 

trackers are the most common tracking systems installed today. Also, single-axis 

trackers are more cost-effective and reliable. 

 

Figure 2.5 Dual axis tracker 

Dual-axis trackers rotate on both the X and Y axes, making panels track the sun 

directly, presented in figure 2.5. Although dual-axis trackers can increase total energy 

production by 5-10% above a single-axis tracker. The additional energy produced by a 

dual-axis tracker rarely, if ever, outweighs the additional land, installation and 

operations and maintenance (O&M) costs required. Most importantly, the rapid decline 

in PV module pricing has led investors to prefer increasing a system’s power capacity 

(number of modules) to achieve energy targets rather than using more complex tracking 

systems that improve efficiency. 
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2.2.3 Solar Inverter 

The solar inverter can be defined as an electrical converter that changes the DC (direct 

current) output of a solar panel into an AC (alternating current). DC power is converted 

into AC power by the inversion process taking place in the inverter. This process of DC 

to AC Conversion is achieved by using a set of solid-state devices like Insulated Gate 

Bipolar Transistors (IGBT’s.). These devices when connected in a typical H-Bridge 

arrangement oscillate the DC power thereby creating AC power. For this project 

selected solar inverter specifications presented in table 2.2.  

Table 2.2 Solar inverter specification 

Input Data (DC)   

Maximum DC Input Voltage 1500 V 

Minimum DC Voltage to Startup 800 V 

Max. DC Current 1754 A 

MPP Voltage Range 800-1300 V 

No of Independent MPP Trackers 1 

No. of DC Inputs 08-12 

Output Data (AC)   

Maximum AC output Power 1375 kW 

Nominal AC output Power 1250 kW 

Output AC Voltage Range 440-632 V 

Nominal AC Voltage 550 V 

Maximum AC Current 1443 A 

Frequency Range 45-65 Hz 

Frequency 50, 60 Hz 

Power Factor (Cosθ) 0.99 

THD at nominal power < 3 % 

No of feed-in phases 3 

Maximum Efficiency 99% 

Euro Efficiency 98.70% 

General Data   

Dimensions (H/W/D)  1915x1805x835 mm 

Weight 1650 kg 
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Power Consumption at Night < 20 W 

Operating Temperature -30 ~ +65 ℃ 

Transformer Transformer less 

Protection Class IP21 

Humidity 0-95 % 

Cooling Fan 

Maximum operating altitude 4500 m 

Communication Interface RS485/Modbus, Ethernet 

Display Touch Screen 

Compliance IEC 62109, IEC 61727, IEC 62116 

 

Based on the application (Zoltan Corba, Boris Dumnic, Vladimir A. Katic, Dragan 

Milicevic, 2012) the classification of solar inverters are string inverter and central 

inverter. 

 

String Inverter: A string inverter is connected to a series or “string” of solar panels and 

used to convert the Direct Current (DC) electricity generated by solar panels into a 

usable form of Alternating Current (AC) that can be utilized to integrate with the grid. 

Solar panels are wired together in series (a string of panels) which increases the voltage 

and keeps the current low so that wiring is simpler and wire size can be smaller.  

 

 

Figure 2.6 (a) String Inverter (b) Central Inverter 

String inverters are designed to be wired to a single series string of 24 solar modules for 

this project. String inverter are currently the most widely used inverter type, presented 

in figure 2.6 (a). String inverters are typically warranted for 5 years. 
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Advantages of a String Inverter: 

1. Smaller in size when compared to central inverters 

2. Better MPPT capability per string 

3. Scalability for future expansion by adding parallel strings 

4. Short DC wires 

5. Monitoring at string level 

Disadvantages of a String Inverter: 

1. The installation requires special racking for the inverter for each string 

2. Poor flexibility at partial shading 

3. Higher per Watt cost than central inverter 

 

Central inverter: A central inverter is a high-capacity inverter designed for use with 

large commercial or utility (power station) sized solar systems. It is like large string 

inverter designed to handle more power and offer efficiencies / economies of scale. 

Central inverters are not used for residential solar systems, presented in figure 2.6 (b). 

Advantages of a Central Inverter: 

1. The most traditional inverter topology 

2. Easy system design and implementation 

3. Low cost per watt 

4. Easy accessibility for maintenance and troubleshooting 

Disadvantages of a Central Inverter 

1. High DC wiring costs and power loss due to Voltage Drop. 

2. Single MPPT for the entire PV system 

3. System output can be drastically reduced in case of partial shading and string 

mismatch 

4. Difficult to add strings or arrays for future expansion 

5. Single failure point for the entire system 

6. Monitoring at array level 

 

2.3 String Sizing 

To design a solar PV system, it’s very much important to know the minimum and 

maximum number of PV modules that can be connected in series, referred to as a string. 

PV modules produce more voltage in low temperatures and less voltage in high 
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temperatures. If too many modules are on the same string then the maximum input 

voltage of the inverter may be exceeded and the electrical equipment connected to that 

string could be damaged, or worse, start a fire.  If too few modules are on the same 

string, then the inverter might shutoff when the outside temperature is high and the 

system will underperform during the summer months. To getting better performance, 

we have to choose appropriate string size between the minimum & maximum string 

size. Considered 24 PV modules in series according to specifications of the selected 

plant equipment’s TRINA solar 505Wp PV module and sungrow 1250 KW string 

inverter. Maximum & minimum string size depends on the PV module and inverter 

parameter as well as string voltage that is dependent of temperature and irradiation.  

 

Table 2.3 Meteonorm 7.3 long term temperature profile. 

Month 
GHI 

(kWh/m2/day) 

Total 
Available 

Days 

Total GHI 
(kWh/m2/Month) 

Total GII 
(kWh/m2/Month) 

  Ambient 
Temperature 

(°C) 

January 4.81 31.00 149.00 188.30 21.30 

February 5.56 28.00 155.70 183.40 23.70 

March 6.04 31.00 187.30 202.20 26.60 

April 6.43 30.00 192.80 193.40 28.20 

May 5.66 31.00 175.50 167.00 29.00 

June 4.89 30.00 146.80 137.10 28.10 

July 3.94 31.00 122.00 115.20 28.10 

August 4.30 31.00 133.20 129.70 28.30 

September 4.66 30.00 139.70 143.20 28.00 

October 5.06 31.00 156.90 176.90 28.30 

November 5.11 30.00 153.30 190.10 25.60 

December 4.86 31.00 150.60 196.40 22.90 

Yearly Total 61.31 365.00 1862.80 2022.90 318.10 

Yearly Avg. 5.11 30.42 155.23 168.58 26.51 

 

Calculation of minimum & maximum string size already calculated by simulation. 

However manual calculation done to cross check. String sizing calculation described 

below step by step according to (Todd Karin and Anubhav Jain, 2020); (Matheus 

Gemignani, Guido Rostegui, Mauricio B. C. Salles, 2017). 
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1. Inputs 

a) Temperature considered for string sizing 

Minimum Temperature (Tmin) = 5o C 

Maximum Temperature (Tmax) = 45o C 

 

b) PV Module Parameter at STC Conditions (505 Wp (Trina Solar – TSM-DE18M(II)) 

Irradiance 1000 W/m2 

Cell temperature (TSTC) = 25 o C 

Open Circuit Voltage (VOC) = 51.9 V 

Maximum Power Voltage (VMPP) = 43.0 V 

Temperature Coefficient (βVOC) = -0.26%/ o C 

c) Inverter Parameter 

Inverter 1250 kW (SUNGROW – SG1250HV) 

Maximum DC input Voltage VDCmax = 1500 V 

Minimum DC input Voltage VDCmin = 800 V 

 

2. String size calculation 

Step-1: Calculation maximum voltage of PV module using the low temperature 

Vmax = VOC × [1 + {(Tmin -TSTC) × βVOC/100}] 

           = 51.9 × [1 + {(5-25) × (-0.26)/100}] 

           = 54.5988 ≈ 54.60 

 

Step-2: Calculation of the maximum number of PV module per string 

Smax =VDCmax/Vmax = 1500/54.60 = 27.47 ≈ 28 (Rounded) 
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Step-3: Calculation minimum voltage of PV module using the high temperature 

Vmin = VMPP × [1 + {(Tmax - TSTC) × βVOC/100}] 

           = 43.0× [1+ {(45-25) × (-0.26)/100}] 

           = 40.7640 ≈ 41.00 

Step-4: Calculation of the minimum number of PV module per string 

Smax =VDCmin/Vmin= 800/41.00 = 19.5121 ≈ 20 (Rounded) 

 

2.4 Tilting Angle and Pitch Optimization 

The optimum energy generation on a PV module depends not only on the solar 

irradiation, but also on the angle between the PV array and the sun. PV array tilting is 

crucial important to getting maximum energy from collector plane. the maximum 

energy will be generated for fixed tilt PV system, when the collector plane and the 

sunlight are perpendicular to each other.  

 

The amount of solar radiation incident on a tilted module surface is the component of 

the incident solar radiation which is perpendicular to the module surface. The following 

figure shows how to calculate the radiation incident on a tilted surface (S module) given 

either the solar radiation measured on horizontal surface (S horizontal) or the solar 

radiation measured perpendicular to the sun (S incident). 

 

Figure 2.7 Solar radiation geometry. 
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From above figure we can the equations relating S module, S horizontal and S incident are: 

 

S horizontal = S incident × Sin α 

S module = S incident × Sin (α + β) 

 

From the above equations, S module can be determined 

S module = {S horizontal × Sin (α + β)}/ Sin α 

 

The elevation angle is the angular height of the sun in the sky measured from the 

horizontal. The elevation is 0° at sunrise and 90° when the sun is directly overhead 

(which occurs for example at the equator on the spring and fall equinoxes). The 

elevation angle varies throughout the day. It also depends on the latitude of a particular 

location and the day of the year. 

 

An important parameter in the design of photovoltaic systems is the maximum elevation 

angle, that is, the maximum height of the sun in the sky at a particular time of year. This 

maximum elevation angle occurs at solar noon and depends on the latitude and 

declination angle. The elevation angle at solar noon can be determined according to the 

formula 

 

The elevation angle α = 90 – ϕ - ẟ 

 

Figure 2.8 Elevation angle (α) 
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The declination angle, denoted by δ, varies seasonally due to the tilt of the Earth on its 

axis of rotation and the rotation of the Earth around the sun. If the Earth were not tilted 

on its axis of rotation, the declination would always be 0°. However, the Earth is tilted 

by 23.45° and the declination angle varies plus or minus this amount. Only at the spring 

and fall equinoxes is the declination angle equal to 0°.  

 
Sun declination angle ẟ = 23.45 × Sin [360/365 (d-81)] 

 

 

Where:  

α is the elevation angle 

β is the tilt angle of the PV array measured from the horizontal. 

ϕ is the latitude 

ẟ is the sun declination angle  

d is the day of the year 

 

 

Figure 2.9 Declination angle (ẟ) and zenith angle (ζ) 

 

(Syed Muhammad Sami ur Rehman, Muhammad Ammar Nazeer, Zafar Iqbal, 

Muhammad Abdul Basit, Aqeel Ahmed, 2018) conducted mathematical analysis for 

calculation of an optimum tilt angle of solar panels. Sun elevation angle α, declination 

angle ẟ will be calculated according to their prescribe formula. 
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(a) PV Table 6x48 (Row x Column), module in landscape orientation 

 

(b) PV Array 

Figure 2.10 (a) PV table orientation (b) PV Array 

(Mark Z. Jacobson, Vijaysinh Jadhav, 2018) found optimum tilting angle 25 degree for 

chattogram region of Bangladesh, they conducted research based on the station latitude 

22.27º N and station longitude 91.82º E. By using photovoltaic simulation software 

PVsyst V7.1.2, we have also found optimum tilting angle 25.7 degree, present in table 

2.4. However, project feasibility has been done by using tilting angle 19 degree on the 

basis of wind speed (sabrang is the cyclone area), module mounting structure height. To 

calculate pitch, the elevation angle (α) considered 25º (worst case). 

If we consider tilting angle 25 degree, inter row distance or pitch and module mounting 

structure height will be increased accordingly. Higher pitch required the extra land and 

increase shading loss, module mounting structure height increase causes extra expenses. 

On occasion, costal region faces high wind speed, that can occur and increases uplifting 

possibility of PV table. (maximum speed observed 77 m/s at selected location), 
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Table 2.4 Relation among tilting angle, pitch and structure height. 

SL 
Tilting 
Angle 

(Degree) 

Tilting 
Angle 
(Rad) 

Energy 
Yield 

(kWh/m2) 

MMS 
Height 
(mm) 

Inter 
Row 

Spacing 
(mm) 

Pitch 
(mm)  

1 15 0.2618 2009     1,736.16    4,770.06   10,202.94  

2 16 0.2793 2015     1,848.98    5,080.02   10,412.49  

3 17 0.2967 2021     1,961.23   5,388.43   10,621.26  

4 18 0.3142 2026     2,072.89    5,695.21   10,824.52  

5 19 0.3316 2030     2,183.91   6,000.25   11,026.60  

6 20 0.3491 2034     2,294.27   6,303.46   11,223.28  

7 21 0.3665 2038     2,403.93    6,604.75   11,418.49  

8 22 0.384 2041     2,512.86    6,904.03   11,608.35  

9 23 0.4014 2043     2,621.02    7,201.21   11,796.45  

10 24 0.4189 2045     2,728.39    7,496.19   11,979.26  

11 25 0.4363 2047     2,834.92    7,788.89   12,160.04  

12 26 0.4538 2048     2,940.59    8,079.22   12,335.53  

13 27 0.4712 2048     3,045.37    8,367.08   12,508.82  

14 28 0.4887 2048     3,149.22    8,652.40   12,676.80  

15 29 0.5061 2048     3,252.10    8,935.08   12,842.31  

16 30 0.5236 2047     3,354.00    9,215.04   13,002.57  

17 31 0.5411 2045     3,454.88    9,492.19   13,158.90  

18 32 0.5585 2044     3,554.70    9,766.45   13,312.50  

19 33 0.576 2041     3,653.44  10,037.74   13,460.78  

20 34 0.5934 2038     3,751.07  10,305.97   13,606.21  

21 35 0.6109 2035     3,847.55  10,571.06   13,746.26  

 

 

Figure 2.11 Relation between tilting angle and energy yield 
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2.5 Site Potential Assessment Using PVsyst Software version 7.1.2 

Investors need to understand the specific site requirements and conditions that help to 

optimize a solar power plant’s output. A solar site analysis involves evaluation of site 

suitability, solar access, shadowing considerations and other variables. Investments in 

large scale solar power plants require accurate estimation of the site’s suitability in 

order to ensure the viability of the project. Site potentials estimation is the crucial 

important to protects investment by assessing geological conditions as well as providing 

an estimation of energy yield.  

 

According to (C.P. Kandasamy, P. Prabu, K. Niruba, 2013) the site potentials has been 

assessed by simulation with PVsyst Software version 7.1.2. The project simulation 

process with PVsyst 7.1.2 includes the basic steps such as data organization, orientation, 

system, detailed losses, near shading and simulation, described as follows. 

 

Data organization- define the specific location, where the 10MW solar park will be 

installed and based on this location meteorological data such as global horizontal 

irradiation, diffused horizontal irradiation, ambient temperature, wind velocity will be 

generated. 

 

Orientation – define module azimuth and tilting angle, considered azimuth 00 and array 

tilting angle 19o according to site location.  

 

System – in this section we have to choose the system equipment such as PV modules, 

solar inverters, transformer and put some information based on system design. 505Wp 

PV module, 1250 kW string inverter and 2500 kVA step-up transformer considered for 

the planned 10MWAC project.  

 

Detailed Losses – considered related all losses up to power injection into grid, such as 

thermal parameter, ohmic losses, module quality loss, LID-Light Induced Degradation, 

mismatch loss of modules & strings, soiling loss, IAM losses, auxiliaries and system 

unavailability. Table 2.3 presented losses with percentage.  

 

 

 



24 
 

Table 2.5 Loss profile. 

Losses Percent (%) 

Far Shadings/Horizon  1.19 

Near Shadings: Irradiance Loss 0.86 

IAM factor on global/Incident angle 1.81 

Soiling Loss Factor 1.50 

Module Degradation loss for First year  2.50 

PV loss due to irradiance Level 0.54 

PV loss due to Temperature 7.33 

Module quality loss 0.10 

LID-Light Induced Degradation 1.50 

Mismatch Loss Modules & Strings 0.60 

DC Ohmic Loss 0.43 

Inverter Loss during Operation (Efficiency) 1.21 

Inverter Loss over nominal inverter power 0.02 

Auxiliary Consumption  1.25 

AC ohmic loss 0.03 

Medium voltage transformer loss 0.82 

System unavailability 1.60 

 

During the simulation, the shading calculations have to be computed at each hour, and 

applied differently on the beam, diffuse and albedo components. For the beam 

component of near shadings, we have to consider two kinds of losses, Irradiance losses 

which correspond to the deficit of irradiance on the cells (formerly called “Linear 

shading losses”), Electrical losses, resulting from the mismatch of electrical response of 

the modules in series and strings in parallel.  

 

In a string of modules (or cells), the total current is always determined by the current in 

the weakest cell. PVsyst provides two different ways for treating these electrical losses 

Shading factor "according to strings", which is a rough evaluation giving an upper limit 

to the shading loss, detailed electrical calculation according to the exact positioning of 

each module in the field.  

 

Simulation – view a summary of the system's energy output 
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2.6 Financial Analysis 

A financial analysis has conducted to determine the economic viability of the proposed 

10MWAC solar park. This analysis identifies the initial investment, yearly operational 

and maintenance cost, makes projections of profits and cash flows and determines the 

return of the investment.  

 

Estimates capital expenditure or initial investment for capital machinery purchase based 

on recent market price trends and discussion with major equipment supplier and 

technical expert. Estimate yearly operational expenditure based on the discussion with 

officials of different power plant in Bangladesh especially renewable power plant and as 

well as conventional power plant.  

 

Tariff rate considered according to previous power purchase agreement (PPA), that type 

of contract already signed between Bangladesh power development board (BPDB) and 

private company limited.   

 

According to (Leandro Alves Aguilar, 2015) finally conducted financial analysis by 

calculating profitability indicators such as levelized cost of electricity (LCOE), net 

present value (NPV), internal rate of return (IRR) and benefit to cost ratio (B/C) or 

profitability index (PI).  
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 CHAPTER 3 

 SIMULATION AND RESULTS 

 

 

3.1 Introduction 

Site potentials such as solar resources and meteorological data are the most important 

input to calculate yearly energy yield of a solar power plant. Revenue return depends on 

the energy generation capacity at specific location. This chapter presents the simulation 

process with simulation software PVsyst version 7.1.2. Author select sabrang, Teknaf 

for this analysis, site location Latitude is 20.83° N and Longitude is 92.31° E. Several 

steps were involved in simulation process with PVsyst software. All the necessary steps 

such as data organization, orientation, system, detailed losses, near shading and run 

simulation has been explained below.  

3.2 Data Organization 

The first input that PVsyst needs is the geographical location of the project to be 

simulated. This will determine the sun path over the year, and allow to interpolate 

meteorological data for places where no direct measurements were taken. The 

meteorological data that is used as input for the simulation consists of the following 

quantities: 

 Horizontal global irradiation 

 Average External Temperature 

 Horizontal diffuse irradiation 

 Wind velocity 

 

The first two, horizontal global irradiation and average external temperature, have to be 

supplied as external input to the simulation. There is no good way to estimate them just 

from the geographical location. The other two quantities can either also be supplied as 

external measured data or, in case there are no good measurements available, they are 

estimated by PVsyst with the help of established models.  
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Choose the Databases and then select Geographical Sites in the main PVsyst screen. 
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Click the “New” project option, after clicking “New” interactive map will open then 

write Teknaf in search box and click “Search”. New window will show Teknaf district 

map, where we have to select specific point by double clicking then click “Accept 

Selected Point” 

 

 

According Latitude 20.83° N and Longitude 92.31° E, another picture sourced from 

google earth for getting better concept about the selected site location Sabrang.  
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After selecting specific site location above PVsyst screen will open. We have to write 

the site name first “Sabrang_Teknaf-4 SS” then import dataset one by one. Four 

satellite-based data sources available here 1. Meteonorm7.3 2. NASA-SSE 3. PVGIS 

TMY and 4. NREL/NSRDB TMY. 
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To import Meteonorm7.3 dataset, choose Meteonorm7.3 and click “Import” option after 

clicking “Import” Meteonorm7.3 dataset will be showed then click “OK” and “save” 

next. 
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Similarly rest of three datasets (NASA-SSE, PVGIS TMY and NREL/NSRDB TMY) 

will be imported one by one following the above procedure  
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3.3 Orientation 

After defined the site and the meteorological input of the project, then create the first 

Variant. PVsyst screen will notice, that in the beginning there are two buttons marked in 

red: “Orientation” and “System”. The red color means that this variant of the project is 

not yet ready for the simulation, additional input is required. The basic parameters that 

have to be defined for any of the variants, and that we have not specified yet, are the 

orientation of the solar panels, the type and number of PV modules and the type and 

number of inverters that will be used. 

 

First, click on “Grid Connected” option, the grid connected dialog will open. where we 

have to uploaded site meteorological file that already imported and saved. After 

completed uploading meteorological file, file name will show in the below text box. 
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PVsyst screen will notice, that in the beginning the “Orientation” button marked in red. 

So, click “Orientation” first, the orientation screen will open, here we have to select the 

type of field and put tilt and azimuth angles. To analysis feasibility of 10 MWAC grid 

tied solar park at sabrang, Teknaf, we have considered field type “Fixed Tilted Plane”, 

plant tilt angle 19º and azimuth 0º. After putting required and necessary information 

then click OK 
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3.4 System 

In this step of simulation, we have to select major plant equipment such as PV module, 

Inverter and transformer. Also required additional information will be putted here 

according to equipment’s specification and site requirement.  
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Click on “System” the system dialog will open then select PV module, solar inverter 

and put necessary information such as planned power, frequency and cable length then 

click OK. We have selected 505Wp PV module Trina solar brand and 1.25MW inverter 

Sungrow brand as reference for this simulation.  

 

 

 

3.5 Detailed Losses 

Detail losses includes, thermal parameter, ohmic losses, module quality loss, LID-light 

induced degradation, mismatch loss of modules & strings, soiling loss, IAM losses, 

auxiliaries and system unavailability. 

 

Click on “Detailed Losses” option, the detailed losses dialog will open where we have 

to put required information based on the planned 10MWAC grid tied solar power plant. 
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Thermal Parameter: The thermal behavior of the array is computed at each simulation 

step, by a thermal balance. This establishes the instantaneous operating temperature, to 

be used by the PV modules modelling. The thermal balance involves the "Heat loss 

factor" U = Uc + Uv × wind speed [W/m²·K]. Our project will install in open space, so 
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select the “Free” mounted modules with air circulation option, thermal loss factor will 

be generated by default then click OK. 

 

 

 

Ohmic Losses: The wiring ohmic resistance induces losses (I²×R) between the power 

available from the modules and that at the terminals of the array. These losses can be 

characterized by just one parameter R defined for the global array. 

 

Click “Ohmic Losses” the ohmic losses window will open, here we have to specified 

DC and AC circuit losses. So, choose global wiring resistance first then select option 

“Calculated” and click “Detail computation”. After clicking “Detail computation” 

option new PVsyst window will open. 

 

In PVsyst new window select “Groups of parallel string” then select cable cross section 

as per system and finally set targeted loss fraction then click OK.  
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For this selected project considered inverter to transformer length is 5.0 meter and MV 

transformer to injection is 5.0 meter then click OK.  

 

Click on “Module quality-LID-Mismatch” the Module quality-LID-Mismatch dialog 

will open where we have to put the required data then click OK. 
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Click on “Soiling Loss” the Soiling Loss dialog will open and put the yearly loss factor 
1.5% (estimated) then click OK. 

  

 

 

 

 

Click IAM losses option and select “Uses definition of the PV module” then click OK. 
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Click on “Auxiliaries” the Auxiliaries dialog will open, based on discussed with expert 

put continuous auxiliary loss 60 kW/day, then click OK. 

 

 

 

Click on “Aging” the aging dialog will open and put here module warranty information 

as per PV module specification and click OK. 
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Click on “Unavailability” the Unavailability dialog will open and put 1.2% (estimated) 

unavailable time fraction for this project on the basis of real experienced then click OK. 

 
 
3.6 Horizon 

The horizon profile is only suited for shading objects that are located sufficiently far 

from your PV system, so that the shadings may be considered global on your array. This 

is the case when the distance to the shading object is more than about 10 times the PV 

system size. The Horizon Profile is a curve that is defined by a set of (Height, Azimuth) 

points. 
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Click on “Horizon” the Horizon dialog will open then click Read/Import button and 

chose PVsyst internal file then click OK. 
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3.7 Near Shading 

Near shadings are shadings produced by near objects, which draw visible shades on the 

PV field.  
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Click on “Near Shading” the Near Shading dialog will open then click construction 

/prospective option. After clicking “construction /prospective” new window will open. 
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Click create to make a new shed field 1, after create shed field 1 put information based 

on planned 10MWAC solar park, by selecting basic parameters and by module one by 

one. 

 

 

 

Select By modules and put number of X module, number of Y module, module X 

spacing, module Y spacing then click “Adjust to module” button and close object 
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According to below screen message, click the table for computation. 

 

 
 

Click on table for computation, PVsyst screen will display below page and close it  
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After closing above screen another PVsyst screen will open then click OK. 

 

 
 

3.8 Run Simulation 

In the below PVsyst screen main parameters orientation, system, detailed losses and 

optional parameter horizon, near shading are showing green light, that means project is 

ready for simulation, then click on “Run Simulation” option.  Upon completion of the 

simulation, a report will be available/generated. 
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After completed simulation click on “Report” to getting detailed report 
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To add P50 & P90 with simulation report click “Energy management” then select P50 

and P90 to display on report then click OK. 
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Finally generated a simulation  report, to save the document as pdf, click on “Save 

document as pdf” 
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3.9 Simulation Results 

The simulation report contains meteorological data and predicted first year generation. 

Based on the simulation result, necessary calculation has been done to assess the 

technical feasibility for this selected project, simulation result presented in below table. 

 

Table 3.1 Simulated and calculated data 

Particulars Value 

Yearly GHI (kWh/m2) 1863.00 

First Year generation (MWh) 19166.00 

Performance Ratio (PR) 78.96% 

Capacity Utilization Factor (CUF) 18.23% 

Levelized Cost of Energy - LCOE (USD/kWh) 0.049 

Produced Energy (P50) Mwh/Year 19166.00 

Produced Energy (P90) Gwh/Year 17.86 

Produced Energy (P95) Gwh/Year 19166.00 

Average Ambient Temperature (0C) 26.62 

Average nominal wind speed (m/s) 2.80 

Yearly Precipitation (mm) 2306.62 
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 CHAPTER 4 

 SOLAR RESOURCES AND ENERGY YIELD ASSESMENT 

4.1 Introduction 

Solar resources and meteorological data are the most important inputs to calculate 

yearly energy yield of a solar power plant accurately. This chapter presents the energy 

yield assessment for the selected site location, Latitude is 20.83° N and Longitude is 

92.31° E.  

4.2 Solar Resource 

The plant generation or energy yield of a solar power plant is directly dependent on the 

solar resources that are available at the projected area. Solar radiation, often called the 

solar resource or just sunlight, is a general term for the electromagnetic radiation 

emitted by the sun. Solar radiation can be captured and turned into useful forms of 

energy, such as heat and electricity, using a variety of technologies. However, the 

technical feasibility and economic analysis at a specific location depends on the 

available solar resource. These parameters are described below. 

 

Global Horizontal Irradiation (GHI) - The global horizontal irradiation (GHI) 

measures the total amount of light received by a square meter on the ground of 

horizontal surface. It is the sum of Direct Normal Irradiance (DNI), Diffuse Horizontal 

Irradiance, and ground-reflected radiation. The units of GHI are given in kWh/m2. 

Values are often provided for a period of a day, a month or a year. GHI = Direct 

Normal Irradiation (DNI) X cos(θ) + Diffuse Horizontal Irradiation (DHI), showed in 

figure 4.1. 

Figure 4.1 Direct and Diffuse Irradiation on the ground 
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Diffuse Horizontal Irradiation (DHI) - The diffuse horizontal irradiation is the 

amount of radiation received per unit area by a surface (not subject to any shade or 

shadow) that does not arrive on a direct path from the sun, but has been scattered by 

molecules and particles in the atmosphere and comes equally from all directions. It is 

measured in kWh/m2 and values are strongly dependent on weather conditions and the 

clearness of the air.  

 

Direct Normal Irradiation (DNI) - The direct normal irradiation is the amount of solar 

radiation received per unit area by a surface that is always held perpendicular (or 

normal) to the rays that come in a straight line from the direction of the sun at its 

current position in the sky. The units of DNI are kWh/m2.  

 

Global Tilted Irradiation (GTI) -The global tilted irradiation is the total solar energy 

received on a unit area of a tilted surface. It includes direct and diffuse irradiation along 

with ground reflected irradiation. The units of GTI are kWh/m2.  

 

Figure 4.2 Direct and diffuse irradiation on a tilted module 

 

In the northern hemisphere, tilting the modules at an angle towards the south, increases 

the total annual global irradiation that is received on the module plane compared to the 

horizontal plane. This is quantified by the global tilted irradiation. The optimal tilt angle 

varies primarily with latitude and also depends on local weather patterns, ground 

conditions and plant layout configurations. Tilted modules also benefit from irradiation 

reflected from the ground which is dependent on the ground reflectance, or albedo.  
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Albedo - The ground albedo or reflectance affects the irradiation on a plane when it is 

tilted from horizontal and increases the GTI. The albedo is highly site and weather 

dependent, with typical grass coverings giving an albedo of approximately 0.2 and 

fresh snow giving an albedo of approximately 0.8, meaning that 20% and 80% 

respectively of the irradiation is reflected back into the atmosphere. 

 

4.3 Comparison of resource data 

Solar resources and meteorological data are the most important input to calculate yearly 

energy yield of a solar power plant accurately. Relevant data, global horizontal 

irradiation, direct normal irradiation and diffuse horizontal irradiation can be sourced 

from different data source such as METEONORM (version 7.3), NASA's Surface 

Meteorology and Solar Energy (SSE) satellite data, National Renewable Energy 

Laboratory (NREL) and PVGIS TMY. 

 

The METEONORM (version 7.3): Meteonorm is a unique combination of reliable 

data sources and sophisticated calculation tools. It provides access to typical years and 

historical time series. Meteonorm generates accurate and representative typical years for 

any place on earth. User can choose from more than 30 different weather parameters. 

The database consists of more than 8000 weather stations, five geostationary satellites 

and a globally calibrated aerosol climatology. On this basis, sophisticated interpolation 

models, based on more than 30 years of experience, provide results with high accuracy 

worldwide. 

 

NASA's Surface Meteorology and Solar Energy (SSE) satellite data; The Surface 

meteorology and Solar Energy (SSE) data set contains over 200 parameters formulated 

for assessing and designing renewable energy systems. The SSE data set is formulated 

from NASA satellite and reanalysis derived insolation and meteorological data for the 

22 years period 1983 through 2005. Results are provided for 1 degree latitude by 1 

degree longitude grid cells over the globe. The data are suitable for pre-feasibility 

studies of solar energy projects. 

 

National Renewable Energy Laboratory (NREL) data was developed from NREL's 

Climatological Solar Radiation (CSR) Model using primary data from geostationary 

satellites. The satellites provide information on the reflection of the earth-atmosphere 
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system and the surface and atmospheric temperature which is useful in determining 

cloud cover. Model outputs are verified with ground -based data to ensure quality of the 

measurements. 

 

PVGIS TMY: PVGIS is a web application that allows the user to get data on solar 

radiation and photovoltaic (PV) system energy production, at any place in most parts of 

the world. It is completely free to use, with no restrictions on what the results can be 

used for, and with no registration necessary. A typical meteorological year (TMY) is a 

set of meteorological data with data values for every hour in a year for a given 

geographical location.  

 

The data are selected from hourly data in a longer time period (normally 10 years or 

more). The TMY is generated in PVGIS following the procedure described in ISO 

15927-4. The TMY tool can be used to interactively visualize all the data or to 

download it as a text file. The solar radiation database used is the default database for 

the given location, either PVGIS-SARAH, PVGIS-NSRDB or PVGIS-ERA5. The other 

meteorological variables are obtained from the ERA-Interim reanalysis.  

 

Table 4.1 showed the yearly Global Horizontal Irradiation (GHI) and Figure 4.3 showed 

monthly Global Horizontal Irradiation (GHI) for the selected site location sabrang, that 

are sourced from METEONORM (version 7.3), NREL/NSRDB, NASA's Surface 

Meteorology and Solar Energy (SSE), PVGIS TMY data source.  

 

Table 4.1 Yearly GHI sourced from different data sources 

 

Data Source GHI (kWh/m2/Year) 

METEONORM 7.3 1862.80 

NREL 1871.10 

NASA-SSE 1749.20 

PVGIS TMY 1850.30 
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Figure 4.3 Monthly Global Horizontal Irradiation 
 

Based on reliability and accuracy Meteonorm 7.3 dataset has selected for feasibility 

analysis of 10MWAC grid tied solar park at sbrang, Teknaf. 

 

4.4 Global Horizontal Irradiation (GHI) & Diffuse Horizontal Irradiation (DHI) 

Monthly Global Horizontal Irradiation (GHI) & Diffuse Horizontal Irradiation (DHI) 

are presented in Table 4.2 and as per calculation diffuse irradiation observed 43.26% of 

the total Global Horizontal Irradiation (GHI). 

 

Table 4.2 Global & diffuse irradiation on horizontal plane 

 

Month 
Monthly GHI 

(kWh/m2) 
Monthly Diffuse 

(kWh/m2) 
Proportion of 
DHI to GHI 

January 149.00 40.60 27.25% 

February 155.70 44.80 28.77% 

March 187.30 72.60 38.76% 

April 192.80 84.10 43.62% 

May 175.50 94.60 53.90% 

June 146.80 89.10 60.69% 

July 122.00 88.70 72.70% 

August 133.20 80.50 60.44% 

September 139.70 79.40 56.84% 

October 156.90 63.10 40.22% 

November 153.30 39.50 25.77% 

December 150.60 28.90 19.19% 

Total 1862.80 805.90 43.26% 
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4.5 Global In-plane Irradiation (GII) 

PVsyst is a PC software package for the study, sizing and data analysis of complete PV 

systems. Simulation has been done by the PV modelling software PVsyst (Version 

7.1.2) based on the meteorological databases of the selected site. For this analysis tilting 

angle considered 19° south facing and albedo 0.2. Table 4.3 and figure 4.4 presented the 

monthly GII profile. 

 

Table 4.3 Monthly Global In-plane Irradiation (GII) data 

 

Month Monthly GII (kWh/m2) 

January 188.30 

February 183.40 

March 202.20 

April 193.40 

May 167.00 

June 137.10 

July 115.20 

August 129.70 

September 143.20 

October 176.90 

November 190.10 

December 196.40 

Yearly Total 2022.90 

 

 

Figure 4.4 Monthly Global In-plane Irradiation (GII) 
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4.6 Climate 

Climate is the average weather in a given area over a longer period of time. A 

description of a climate includes information on, such as the average temperature in 

different seasons, rainfall, wind speed, pressure and sunshine. Most of the variables of 

climate is closely related to solar power generation. 

 

Wind: The records of last 50 years showed that the Teknaf Upazila faced peak wind 

speed up to 278 km/h (173 mph) or 77 m/s, that was produced by a cyclone occurred on 

April 29, 1991. However nominal wind speed of the selected site has found by the 

simulation with PVsyst V7.1.2, presented in Table 4.4. 

 

Table 4.4 Wind speed at ground level 

Month 
Average Wind Speed at Ground Level 

(m/s) Meteonorm 7.3 data 

January 2.00 

February 2.30 

March 2.70 

April 3.40 

May 3.20 

June 3.70 

July 4.00 

August 3.70 

September 2.80 

October 2.10 

November 1.80 

December 1.70 

Yearly Average 2.80 

 

Temperature: Monthly average temperature data has sourced from the PVsyst V7.1.2 

database that are presented in Table 4.5. As per data sheet of selected PV module and 

inverter, the operating temperature range for PV modules and inverter is -40 C to +85

C and -30 C to +65 C.   
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Table 4.5 PVsyst V7.1.2 Temperature Data 

Months  Monthly Average Ambient Temperature (°C) 

January 21.30 

February 23.70 

March 26.60 

April 28.20 

May 29.00 

June 28.10 

July 28.10 

August 28.30 

September 28.00 

October 28.30 

November 25.60 

December 22.90 

Yearly Average 26.51 
 

According to temperature data for the selected site, the PV modules and inverter both 

are suitable to operate normally.  

 

Precipitation: Precipitation data has sourced from different website for Teknaf region, 

illustrated in figure 4.5.  

 

Figure 4.5 Monthly precipitation 
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According to precipitation data, selected site is the moderate rainfall region, that will be 

added advantages for reduce soiling effect. From the graph PV module has to clean only 

six month (November to April) and rest of time PV module will be cleaned naturally by 

rainfall. 

 

Soiling has a negative impact on the economic revenues of PV installations, not only it 

reduces the amount of energy converted by the PV modules, but also it introduces 

additional operating and maintenance costs at the same time. Soiling consists of mineral 

dust, soot particles, aerosols, pollen, fungi and/or other contaminants that deposit on the 

surface of PV modules. Soiling absorbs, scatters, and reflects a fraction of the incoming 

sunlight, reducing the intensity that reaches the active part of the solar cell, due to 

soiling 1.5% loss factor considered for this project. 

 

4.7 Losses 

Losses includes far shadings/horizon, near Shadings, IAM factor on global/incident 

angle, soiling loss, module degradation loss, PV loss due to irradiance Level, PV loss 

due to Temperature, module quality loss, LID-Light Induced Degradation, mismatch 

loss of modules & strings, DC Ohmic Loss, inverter loss during operation (Efficiency), 

inverter loss over nominal inverter Power, auxiliary consumption, AC ohmic loss, 

medium voltage transformer loss, system unavailability, showed in figure 4.2. 

Far shadings: shading to sun rays from surrounding obstacles such as trees, building, 

structures, hills or mountains is often referred to as ‘far shading’. The shaded area can 

be calculated from astronomical solar data.  The diagram below shows for a sample the 

shading length from trees on a particular site. 

 

Figure 4.6 Far shading 
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Far shading may significantly reduce the PV system efficiency and must be avoided as 

much as possible. Shading from adjacent modules is often referred to as ‘inter-shading’ 

Shading on PV modules can significantly reduce the energy harvest and need to be 

minimized. 

 

Figure 4.7 Loss diagram 
 

Near shading: Near shadings are shadings produced by near objects, which draw visible 

shades on the PV field.  We call Shading Factor the ratio of the shaded area, with 

respect to the total sensitive area of the field. The treatment of near shadings is much 

more complex than far shadings, it cannot be done without a detailed 3D description of 

the full PV system and its environment. 
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The incidence effect (IAM, for “Incidence Angle Modifier”) corresponds to the 

decrease of the irradiance really reaching the PV cells surface, with respect to irradiance 

under normal incidence, due to reflections increasing with the incidence angle. Soiling 

loss is accumulation of dirt and its effect on the system performance is an uncertainty, 

which strongly depends on the environment of the system, rain conditions.  

 

PV loss due to irradiance level: PV cells have a lower efficiency at low irradiance level. 

The irradiance loss with respect to 1000 W/m² may vary for different PV modules 

brands and manufacturers. 

 

PV loss due to temperature: The electrical resistance of a conductor increases with its 

temperature. Photovoltaic cells as semi-conductors follow that rule. For the selected PV 

module, the power temperature coefficient is -0.36%/°C. The efficiency decreases when 

the ambient temperature increases. Hourly ambient temperature taking into account for 

simulation, overall efficiency loss in the projected area due to temperature is 7.33%. 

 

The real behavior of modules, with respect to the specifications, is one of the greater 

uncertainties in the PV system performance evaluation.  For this reason, module quality 

loss considered 0.10%. 

 

Mismatch loss: The mismatch performance derating is mainly due to the fact that in a 

string of modules (or cells), the lowest current drives the current of the whole string. 

 

Ohmic loss: The ohmic wiring resistance induces losses both in DC (between the 

modules and the inverter) and AC (between the inverter and the step-up transformer).  

 

Inverter loss (efficiency): Inverters transform the DC current produced by the modules 

into AC current used by the grid. The efficiency of the selected inverter 98.79% 

(i.e.1.21% loss). 

 

Medium voltage transformer loss: The main losses associated with the transformer are 

iron losses (mostly due to hysteresis and eddy currents in the core) and copper losses in 

either the primary and in the secondary windings (coils that draw energy in one side and 

deliver it in its transformed state back out the other side) 
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4.8 Annual Energy Yield 

Annual energy yields estimation has been done based on 505Wp Monocrystalline PV 

module, 1.25MW sungrow string inverter, considering plant tilting angle 19º fixed tilt 

system. Planned DC installed capacity is 12MWp and energy will be injected into grid 

is 10MWAC, so DC to AC ratio is 1.2 for the projected. Some data such as site 

potentials, losses profile and 1st year performance ratio that are taken from PVsyst 

simulation report. site potentials are presented in Table 4.7. 

 

Table 4.6 Site Potentials 

Month 
GHI 

(kWh/m2/day) 

Total 
Available 

Days 

Total GHI 
(kWh/m2/Month) 

Total GII 
(kWh/m2/Month) 

  Ambient 
Temperature 

(°C) 
January 4.81 31.00 149.00 188.30 21.30 

February 5.56 28.00 155.70 183.40 23.70 
March 6.04 31.00 187.30 202.20 26.60 
April 6.43 30.00 192.80 193.40 28.20 
May 5.66 31.00 175.50 167.00 29.00 
June 4.89 30.00 146.80 137.10 28.10 
July 3.94 31.00 122.00 115.20 28.10 

August 4.30 31.00 133.20 129.70 28.30 
September 4.66 30.00 139.70 143.20 28.00 

October 5.06 31.00 156.90 176.90 28.30 
November 5.11 30.00 153.30 190.10 25.60 
December 4.86 31.00 150.60 196.40 22.90 

Yearly Total 61.31 365.00 1862.80 2022.90 318.10 
AVG 5.11 30.42 155.23 168.58 26.51 

 

Dimension of PV Module (L×W)  

                        = 2.176×1.098 m2 

                        = 2.389248 ≈ 2.39 m2 

 

 

 

 

Total Collector Plane Area = Number of PV Module × Module Dimension (m2) 

                                            = 23,800 × 2.389248 m2 

                                            = 56,864.10 m2  Showed in table 4.7        
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Table 4.7 PV Module dimension & Total Collector plane area 

PV Panel 

As per data sheet Area/Per PV Module (m2)              2.389248  

Number of PV Module to be used             23,800.00  

Total Collector Plane Area (m2)             56,864.10  

 

Global In-plane Irradiation-GII (kWh/m2/Year) = 2,022.90 (According to simulation 
report) 

                                 Total Collector Plane Area = 56,864.10 m2   

                  Solar Resource can Produce Energy = GII × Total Collector Plane Area 

                                                                             = 2,022.90 × 56,864.10  kWh/Year 

                                                                             = 115,030,392.74 kWh/Year 

                                        PV Module efficiency = 21.10% (According to data sheet) 

Solar Energy conversion into Electrical Energy = 115,030,392.74 × 21.10% 

                                                                             = 24,271,412.87 kWh/Year 

First Year Performance Ratio (PR) = 78.96% (According to simulation report) 

                      Total Energy Injected into Grid = 24,271,412.87 × Performance Ratio 

                                                                         = 24,271,412.87 × 78.96% kWh/Year 

                                                                         = 19,164,707.60 kWh/Year 

 

Energy Yield Calculation 

Global In-plane Irradiation-GII (kWh/m2/Year)              2,022.90  

PV Conversion 21.10% 

Total Energy Yield (kWh/m2/Year)    24,271,412.87  

Total Loss Factor 21.04% 

1st Year Performance Ratio (PR) 78.96% 

Total Energy Injected into Grid (kWh/Year)    19,164,707.60  

 

Degradation is the gradual deterioration of the characteristics of photovoltaic module 

which may affects ability to operate within the limits of acceptability criteria and 

which is caused by the operating conditions. As per photovoltaic module data sheet, 

first year degradation of selected module is 2.5% and 0.6% average annual power 

decline considered for remaining 24 years. Showed in figure 4.8 
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Figure 4.8 Annual power decline up to 25 years 

 

Total life cycle generation of the 10MWAC solar power plant has been calculated 

considering photovoltaic module degradation 2.5% for first year and 0.6% average 

annual power decline from 2 year to 25 year, presented in table 4.8. 

 

Table 4.8 Total life cycle operation of the 10MW solar power plant 
 

Total Life Cycle Operation of the 10MW solar power Plant 

YEAR kWh YEAR kWh     

Year1    19,164,707.60  Year11    18,045,380.40     Total Life Cycle 

Year2    19,049,719.36  Year12    17,937,108.12         Generation 

Year3    18,935,421.04  Year13    17,829,485.47      

Year4    18,821,808.51  Year14    17,722,508.56      

Year5    18,708,877.66  Year15    17,616,173.51  kWh     =     362,213,228.09  

Year6    18,596,624.40  Year16    17,510,476.46  MWh     =              362,213.23  

Year7    18,485,044.65  Year17    17,405,413.61  GWh     =                      362.21  

Year8    18,374,134.38  Year18    17,300,981.12      

Year9    18,263,889.58  Year19    17,197,175.24      

Year10    18,154,306.24  Year20    17,093,992.19      
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CHAPTER 5 

FINANCIAL ANALYSIS 

 

 

5.1 Introduction 

This chapter presents the financial analysis and risk assessment of 10MW photovoltaic 

power plant. The major cost component, key performance indicator such as levelized 

cost of electricity (LCOE), performance ratio (PR), capacity utilization factor (CUF) and 

profitability indicators will be discussed and figure out. these analyses will be provided 

adequate information to investor about the project viability. 

 

5.2 Solar Power Economics 

Total life cycle includes pre-planning, design & engineering, construction, operation & 

maintenance and dismantling & recycling, shown in figure 5.1. From the presented life 

cycle of solar power plant, only cost and benefits will be highlighted in this chapter.  

 

 

Figure 5.1 solar power plant life cycle 
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The levelized cost of electricity (LCOE) is a measurement used to assess and compare 

alternative methods of energy production, also LCOE is a very important metric in 

determining whether or not to move forward with a project. The LCOE will determine 

if a project will break even or be profitable. Using the LCOE to assess a project is one 

of the first fundamental steps taken in analyzing projects of this nature. Levelized cost 

of electricity (LCOE) represents the ratio between the project’s total cost and total 

electrical energy produced over lifetime. 

LCOE =
Total Costs over Lifetime

Total Electrical Energy Produced over Lifetime
 

LCOE =
  17,774,871.76 

 362,213,228.09 
 

Levelized cost of energy (LCOE) = 0.049 

The second indicator is performance ratio (PR).  The performance ratio (PR) is a 

measure of the quality of a PV plant that is independent of location and it therefore 

often described as a quality factor. The performance ratio (PR) is stated as percent 

and describes the relationship between the actual and theoretical energy outputs of 

the PV plant as follows. 

 

PR =
Energy Injected to grid (kWh)

 Plant Capacity (kWp)x GII (kWh/m2)
× 100% 

PR =
19,164,707.60 

 12,000 x 2022.90
× 100% 

Performance Ratio (PR) ≈ 78.96 

 

The third indicator is capacity utilization factor (CUF). The performance of a PV 

power plant is often denominated by a metric called the capacity utilization factor 

(CUF). It is the ratio of the actual output from a solar plant over the year to the 

maximum possible output from it for a year under ideal conditions. Capacity utilization 

factor also known as plant load factor (PLF) and it is usually expressed in percentage. 
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CUF =
Actual Energy Generated per annum (kWh)

Plant Capacity (kWp) × 24 × 365
× 100% 

CUF =
19,164,707.60 

12,000 × 24 × 365  
× 100% 

Capacity Utilization Factor (CUF) = 18.23% 

 

Table 5.1 Key Performance Indicators for 10 MWAC solar power plant. 

Particulars Value 

Ideal generation (GWh/Year) 458.73 

Actual generation (GWh/Year) 362.21 

Performance Ratio (PR) 78.96% 

Capacity Utilization Factor (CUF) 18.23% 

Levelized Cost of Energy - LCOE (USD/kWh) 0.049 

 
 
5.3 Risk Assessment and Mitigation 

The project works assed the major risk for selected site and prescribe suitable 

mitigation procedure as follows. 

 

5.3.1 Solar policy and government commitment 

Limited effective policy in addressing the challenges of utility-scale renewable energy 

development. Government is committed, but currently does not have a strategy on how 

to achieve its commitments and targets. Renewable energy targets in government 

policy have either expired or look too far ahead (closest target after 2021 is 2041). 

Policy guidelines and incentives for the private sector do not always apply to 

renewable energy projects as they do for conventional fossil fuel projects. The link 

between carbon reduction commitments and country targets for new renewable energy 

capacity is absent.   

 

The Government of Bangladesh should consider revising the power system master plan 

(PSMP) or investigate long-term least-cost technology options to meet Nationally 

Determined Contribution of Bangladesh (NDC) targets, sustainable development goals 

and projected electricity demand. Improved coordination between government agencies 

will go a long way in providing clarity on policy and easing the many onerous 

processes and approvals for renewable energy projects. Bangladesh needs a more 
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holistic approach to policy that will be able to address the major bottlenecks along the 

entire project development process. 

 

Consider setting up an IPP procurement agency that is responsible for all procurement 

activities and communication. It can be the point of coordination between all 

government agencies and institutions and provide developers and investors with all the 

required information such as bidding documents, guidance on applicable laws and 

permitting requirements, and timely communication of all bidding activities. 

 

Review the roles, responsibilities and activities of government institutions to ensure 

they are effective in supporting the aims of the government’s renewable energy plan 

with respect to utility-scale renewable energy generation capacity. 

 

5.3.2 Grid stability 

Renewable energy targets and plans are not synchronized with future electricity 

transmission infrastructure plans, as they are for conventional power plants. Different 

policies and support for new transmission infrastructure for conventional power plants 

and renewable energy plants. Limited assessment of potential sites for renewable 

energy based on transmission capacity and difficult to access substation or load 

distribution information. Limited coordination between BPDB and PGCB when 

negotiating for available grid capacity with developers. No standard guidelines for grid 

integration, or not publicly available. Limited feasibility studies done on grid stability 

and no integrated study on grid expansion. 

 

Bangladesh’s grid network currently has a limited amount of spare grid capacity, 

although no current studies have determined the exact amount of grid capacity 

available. In addition, future grid transmission plans outlined in the PSMP 2016 are not 

synchronized with any future renewable energy generation capacity increases, as they 

are for future fossil fuel generation increases. As a matter of urgency, the government 

needs to undertake a study to identify those areas of the grid where spare capacity is 

available for renewable energy plants to tie into. The study should extend its scope to 

cover what network upgrades can be done to easily unlock further free capacity. In the 

short term, this represents the quickest path to maximizing the use of the existing grid 

system. It will also provide valuable insight into the optimum capacity of the renewable 
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energy plants the government should be pursuing and can be overlaid onto any future 

land studies. 

 

5.3.3 Solar resource 

Energy Generation of any photovoltaic power plant directly depends on natural solar 

resources. Solar power energy has an intermittent characteristic, for this reason it is 

difficult to predict energy generation exactly. However reliable data source Meteonorm 

7.3 TMY data set is used for predicting the energy yield for the selected site. This 

energy generation risk as well as solar resource risk can be mitigated by collecting 

reliable and accurate long term typical meteorological year (TMY) data set. 

 

5.3.4 Natural hazards 

Natural hazards are extreme natural events that can cause loss of life, extreme damage 

to property and disrupt human activities. This means that investment can damage by 

the unexpected natural hazard. Cyclones, storms and lightning surge are major natural 

hazards for this selected site. Also, insurance policy will not cover damage due to 

natural hazards. 

To mitigate unexpected natural hazards, project work considered 60 m/s wind speed for 

structure design and sufficient lightning arrester & surge arrester will be installed all 

over the projected area.  

 

5.4 Project Cost 

The project costs are mainly capital expenditure (CAPEX) and operational expenditure 

(OPEX). CAPEX which includes cost of all capital machineries and expenses during 

construction period. OPEX which are includes operation and maintenance cost, 

insurance charges and equipment’s replacement.   

 

5.4.1 Capital expenditure (CAPEX) 
 

Monocrystalline photovoltaic modules: 

Based on recent market price index, the price of monocrystalline module considered 

0.37 USD/Wp with system voltage 1500 Volt, power output 505Wp and maximum 

efficiency 21.1%. 
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Balance of system (BOS): 

The Balancing of System (BOS), which includes Inverter, module mounting structure 

(MMS), cabling, switch gear, transformers, energy meters, SCADA monitoring system 

and related or optional equipment depending on nature and scope of system. The 

prices of balance of system USD 0.64/Wp considered based the recent market price & 

by the discussion with technical expert and materials supplier. 

 

Civil construction and others: 

Civil construction that includes subsoil investigation, land development and 

construction of module mounting structure base, inverter station, main control room, 

internal road, boundary fencing and related construction as per scope of civil work. The 

costs of civil construction considered USD 0.089/Wp according to real experience. The 

remaining costs is considered 1.35% of the total capital costs as consultancy fees and 

expenses for approval of local government.   

 

5.4.2 Operational expenditure (OPEX) 

Operational expenditure (OPEX) is an ongoing cost for running the power plant. 

Operating expenses include O&M costs, insurance charges, land rent and research & 

development expenses. Due to lower labor costs, operational expenses are cheapest in 

Bangladesh comparatively other countries. Operational expenditure (OPEX) is 

considered USD 0.021/Wp/Year.  

 

5.5 Sales Revenue 

The accounting for cash inflow calculates sales revenue by the multiplying monthly 

total net generation that has been supplied into national grid by the tariff rate. Sales 

revenue will be calculated from the below equation, where SRY is yearly sales revenue, 

TR is tariff rate, NEOY is net energy output measured in kWh during the year "Y".               

SRY = TR x NEOY 

                                                                                            

5.6 Cash Flow Statement 

A cash flow excel sheet (Appendix 6) will be used for 20 years project duration from 

the year zero. In year zero the net cash flow is negative and equal to the total capital 

investment, which means the plant is in under construction and non- operational. 
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The following formula is used to calculate net cash flow where Rt is the net cash 

flow, R is the total revenue, Cop is the annual operating cost.  

Rt = R-Cop 

Eventually, the net cash flow of the entire project will be equal to the sum of all yearly 

cash flows. 

 

5.7 Net Present Value (NPV) 

Net present value (NPV) is the difference between the present value of all cash inflows 

and the present value of all cash outflows over a period of time. NPV is used in capital 

budgeting and investment planning to analyze the profitability of a projected 

investment or project. For the 20 years project the discount rate (r) will increase 

exponentially from year 1 to 20. This also requires the input of an acceptable 

discount rate. Outflow (initial investment) doesn’t need to be discounted, because the 

equipment is paid for up front, and there is no elapsed time that needs to be accounted 

for. The following formula is used to calculate NPV 

��� = �
��

(1 + �)�

�

���

 

                                                                            

where:  

Rt = Net cash flow during a single period t  

r =Discount rate or return that could be earned in alternative investments 

t=The number of time periods 

 

5.8 Internal Rate of Return (IRR) 

The internal rate of return is a metric used in financial analysis to estimate the 

profitability of potential investments. The internal rate of return is a discount rate 

that makes the net present value (NPV) of all cash flows equal to zero in a 

discounted cash flow analysis. IRR calculations rely on the same formula as NPV 

does. The calculation of the IRR is done iteratively via excel, where the IRR is the 

rate that brings the project’s NPV to zero. The formula and calculation used to 

determine this figure is as follows, where CO is total initial investment cost 
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5.9 Payback Period and Benefit to Cost Ratio (B/C) 

The payback period refers to the amount of time how long it takes the project to recover 

the initial investment. Simply the payback period is the length of time, that an 

investment reaches a break-even point. 

 

Finally, profitability index (PI) or benefit to cost ratio (B/C) is calculated by dividing the 

present value of all cash inflows by the initial investment. This parameter is a measure 

of a project's or investment's attractiveness, also give an idea to investor about the profit 

margin of an investment in present terms. 

 

Table 5.2 presented the results of all profitability indicators considering 100% equity 

finance, all indicator results are acceptable for financial viability of this selected project. 

 

Table 5.2 Profitability indicators data of 10 MWAC solar park  

Particulars   Value  

Discount rate of interest or Opportunity cost of capital value 8.00% 

Cash Inflow       13,063,913.81  

Cash Outflow         9,492,000.00  

Net Present Value (NPV)         3,571,913.81  

Internal Rate of Return (IRR) 14.47% 

Benefit to Cost Ratio (B/C) or Profitability Index (PI)                         1.38  

Payback Period (PBP) 6 Year & 1 Month 

Yearly Average Production Cost               414,143.59  

Levelized Cost of Energy (USD/kWh)                         0.049  

 

The project work also calculated of all profitability indicator result considering 60% 

Equity and 40% Debt Finance at 9% interest rate. Indicators result comparison between 

two types of financing system presented in table 5.3 as follows 

1. 100% Equity Finance  

2. 60% Equity and 40% Debt Finance at 9% interest rate 
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Table 5.3 Indicators result comparison between two financing system 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Particulars 100% Equity Finance
60% Equity &      

40% Debt Finance

Discount rate of interest 8.00% 8.00%

Cash Inflow 13,063,913.81           11,822,599.07        

Cash Outflow 9,492,000.00             9,492,000.00          

Net Present Value (NPV) 3,571,913.81             2,330,599.07          

Internal Rate of Return (IRR) 14.47% 12.45%

Benefit to Cost Ratio (B/C) 1.38                           1.25                        

Payback Period (PBP) 6 Year & 1 Month 7 Year & 1 Month

Yearly Average Production Cost 414,143.59                414,143.59             

Levelized Cost of Energy (USD/kWh) 0.049                         0.049                      
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 CHAPTER 6 

 CONCLUSION AND RECOMMENDATION 

 

6.1 Conclusion 

Bangladesh is experiencing a gradual depletion of its primary energy resource such as 

natural gas and time has come to explore and harness the full potential of alternative 

energy sources to ensure our long-term energy security as well as sustainable economic 

development. Realizing the importance, Bangladesh Government attaches due 

importance on renewable energy. To meet the Power System Master Plan-2016 

(PSMP), the government has set a target for generating 10% of the country’s total 

electricity through using renewable energy by 2021. The government is helping 

renewable energy project developers and investors with financial supports and policy 

initiative, that is positive sign, which will be accelerated the development work of 

renewable energy sector.  

 

Because of sufficient non-agriculture land availability at sabrang, Teknaf, author have 

conducted a simulation with PVsyst for this site location (latitude is 20.83º N and 

longitude is 91.32º E). According to simulation report monthly average global 

horizontal irradiation at sabrang is 5.11 kWh/m2 /day, which is the highest solar energy 

potentials comparatively others zone of Bangladesh. This indicates that the selected area 

has huge scope to exploit solar energy due to its favorable geographical position. 

 

Finally, a financial analysis has been done by calculating net present value (NPV), 

internal rate of return (IRR), benefit to ratio (B/C), payback period and risk assessment. 

In the risk assessment the project work identified measurable risk and prescribed 

suitable procedure to mitigation the major risk,  

 

In the financial analysis, NPV is positive (USD 3,571,913.81), internal rate of return 

(IRR) achieved 14.47 %, profitability index (PI) or benefit to cost ratio (B/C) is 1.38 

estimated payback period 6 years & 1 months and levelized cost of electricity is 0.049 

USD/kWh. Based on above information, all profitability indicators result is acceptable 

and we can conclude that the selected project is feasible. 
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6.2 Recommendation for Future Research 

Land acquisition is a difficult task as well as major challenge to install solar 

photovoltaic power plant in Bangladesh due to non-agriculture land limitation. Another 

challenge is grid stability, solar energy resources are intermittent energy sources whose 

output can vary widely within short time frames, depending on the sun shining. But 

Bangladesh’s national grid is not robust or reliable enough to manage intermittent 

electricity beyond a certain capacity. Grid integration strategies have been successfully 

implemented in other countries and studies will need to be undertaken in Bangladesh to 

achieve the same. 

 

Solar Park has become one of the largest sources now a day and has a great potential to 

be the largest source of renewable energy in near future. Bangladesh receives an 

average daily solar radiation in the range of 4.5 kWh/m²/day. To effective utilization of 

unlimited solar potentials, more research is required to analyze feasibility of utility scale 

floating solar power plant and rooftop solar on residential building roof, industry roof, 

railway station. 

 

Further research is also required to ascertain with more certainty whether the grid can 

accommodate solar based renewable energy. That will be very much helpful for project 

developers to understand the requirements of connecting solar power plant at specific 

locations on the network.  
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 APPENDICES  

 

Appendix 1: Solar resource map of Bangladesh.  
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Appendix 2: Research Methodology 
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Appendix 3: Capital or initial investment 

 

Capital/Initial Investment 
     

                  DC Install Capacity (kWp) =  12000   

 DC to AC Ratio =  1.2   

 Total Plant AC Capacity (kW) =  10000   

     

 Description   USD/kWp   Total (USD)  

Photovoltaic Module                 370.00                    4,440,000.00  

     

 Balance of System (BOS)     

Solar Inverter                   50.00                       600,000.00  

Power, Control & Monitoring Cable                    25.00                       300,000.00  

Rest of Electrical Equipment’s 1                   70.00                       840,000.00  

Module Mounting Structure (MMS)                   72.00                       864,000.00  

Evacuation Line Construction                     4.00                         48,000.00  

Plant Erection, Testing & Commissioning                     8.00                         96,000.00  

Cable Tray, Lightning Protection System, Fire Protection 
System, Module Cleaning System, Health & Safety Equipment, 
Erection Tools and Materials, Air Conditioner, Gas Generator  

                  11.00                       132,000.00  

     

 Logistics     

Land Freight                    2.50                         30,000.00  

C&F and Customs Expenses                 30.00                       360,000.00  

 Total Erection & Procurement                  642.50                    7,710,000.00  

     

 Civil Construction      

Subsoil investigation                     1.00                         12,000.00  

Land Development & MMS Base Construction                   65.00                       780,000.00  

Inverter Station, Main Control Room & Others Construction                   15.00                       180,000.00  

Internal Road                     3.00                         36,000.00  

Boundary & Internal Fencing with illumination                     4.50                         54,000.00  

 Total Construction                     88.50                    1,062,000.00  

     

Consultancy & Government Approval    

Consultancy Fees, Government Approval & Documentation                   10.00                       120,000.00  

     

Total Project Costs                     8,892,000.00  

   USD/KW  USD/Watt 

  889.20 0.89 
   

1) Inverter Transformer, LT & HT Switchgear, SCADA, Energy Meters, Weather Station, Plant Earthing etc. 
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Appendix 4: Operation and Maintenance Cost for 20 year 

 

 

 

Appendix 5: Total 20 Year Life Cycle Generation  

 

Total Life Cycle Operation of the 10MW solar power Plant 

YEAR kWh YEAR kWh     

Year1    19,164,707.60  Year11    18,045,380.40     Total Life Cycle 

Year2    19,049,719.36  Year12    17,937,108.12         Generation 

Year3    18,935,421.04  Year13    17,829,485.47      

Year4    18,821,808.51  Year14    17,722,508.56      

Year5    18,708,877.66  Year15    17,616,173.51  kWh     =  62,213,228.09  

Year6    18,596,624.40  Year16    17,510,476.46  MWh     =      362,213.23  

Year7    18,485,044.65  Year17    17,405,413.61  GWh     =             362.21  

Year8    18,374,134.38  Year18    17,300,981.12      

Year9    18,263,889.58  Year19    17,197,175.24      

Year10    18,154,306.24  Year20    17,093,992.19      

 

 

 

 

 

 

 

YEAR Salaries
Dormitory 

Rent
Utilities Stationary Transport

Miscellaneous 

(Including 

Mobile Bill)

Land Lease

Insurance charge 

(0.15% of Total 

Project Cost)

Scheduled 

Maintenance

Total 

Operation & 

Maintenance 

Cost in BDT

Total 

Operation & 

Maintenance 

Cost in USD

1 7,164,000.00    600,000.00     240,000.00 180,000.00 360,000.00 600,000.00       3,250,000.00  1,133,730.00        7,500,000.00    21,027,730.00  

2 7,701,300.00    645,000.00     258,000.00 193,500.00 387,000.00 645,000.00       3,493,750.00  1,133,730.00        8,062,500.00    22,519,780.00  

3 8,238,600.00    690,000.00     276,000.00 207,000.00 414,000.00 690,000.00       3,737,500.00  1,133,730.00        8,625,000.00    24,011,830.00  

4 8,775,900.00    735,000.00     294,000.00 220,500.00 441,000.00 735,000.00       3,981,250.00  1,133,730.00        9,187,500.00    25,503,880.00  

5 9,313,200.00    780,000.00     312,000.00 234,000.00 468,000.00 780,000.00       4,225,000.00  1,133,730.00        9,750,000.00    26,995,930.00  

6 9,850,500.00    825,000.00     330,000.00 247,500.00 495,000.00 825,000.00       4,468,750.00  1,133,730.00        10,312,500.00 28,487,980.00  

7 10,387,800.00  870,000.00     348,000.00 261,000.00 522,000.00 870,000.00       4,712,500.00  1,133,730.00        10,875,000.00 29,980,030.00  

8 10,925,100.00  915,000.00     366,000.00 274,500.00 549,000.00 915,000.00       4,956,250.00  1,133,730.00        11,437,500.00 31,472,080.00  

9 11,462,400.00  960,000.00     384,000.00 288,000.00 576,000.00 960,000.00       5,200,000.00  1,133,730.00        12,000,000.00 32,964,130.00  

10 11,999,700.00  1,005,000.00  402,000.00 301,500.00 603,000.00 1,005,000.00   5,443,750.00  1,133,730.00        12,562,500.00 34,456,180.00  

11 12,537,000.00  1,050,000.00  420,000.00 315,000.00 630,000.00 1,050,000.00   5,687,500.00  1,133,730.00        13,125,000.00 35,948,230.00  

12 13,074,300.00  1,095,000.00  438,000.00 328,500.00 657,000.00 1,095,000.00   5,931,250.00  1,133,730.00        13,687,500.00 37,440,280.00  

13 13,611,600.00  1,140,000.00  456,000.00 342,000.00 684,000.00 1,140,000.00   6,175,000.00  1,133,730.00        14,250,000.00 38,932,330.00  

14 14,148,900.00  1,185,000.00  474,000.00 355,500.00 711,000.00 1,185,000.00   6,418,750.00  1,133,730.00        14,812,500.00 40,424,380.00  

15 14,686,200.00  1,230,000.00  492,000.00 369,000.00 738,000.00 1,230,000.00   6,662,500.00  1,133,730.00        15,375,000.00 41,916,430.00  

16 15,223,500.00  1,275,000.00  510,000.00 382,500.00 765,000.00 1,275,000.00   6,906,250.00  1,133,730.00        15,937,500.00 43,408,480.00  

17 15,760,800.00  1,320,000.00  528,000.00 396,000.00 792,000.00 1,320,000.00   7,150,000.00  1,133,730.00        16,500,000.00 44,900,530.00  

18 16,298,100.00  1,365,000.00  546,000.00 409,500.00 819,000.00 1,365,000.00   7,393,750.00  1,133,730.00        17,062,500.00 46,392,580.00  

19 16,835,400.00  1,410,000.00  564,000.00 423,000.00 846,000.00 1,410,000.00   7,637,500.00  1,133,730.00        17,625,000.00 47,884,630.00  

20 17,372,700.00  1,455,000.00  582,000.00 436,500.00 873,000.00 1,455,000.00   7,881,250.00  1,133,730.00        18,187,500.00 49,376,680.00  

8,282,871.76 
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Appendix 6: Cashflow Statement for 20 Year (100% equity finance) 

 

 

 

Appendix 7: Cashflow Statement for 20 Year (60% equity & 40% debt finance) 

 

Cash Streams Scenario for PPA-20

Capital Energy Unit Price  Total Operation & Loan Interest Net Cash Flow Present Value Cumulative 

Investment Generation of Electricity Revenue Maintenance Cost  Payment (USD/Year) (USD) Cash Flow

(USD) (kWh)  (USD/kWh) (USD/Year) (USD/Year) (USD/Year) (USD)

8,892,000.00   8,892,000.00-     

-                     19,164,707.60  0.094            1,801,482.51  247,385.06              184,992.50      1,369,104.96     1,267,689.77     1,369,104.96           

-                     19,049,719.36  0.094            1,790,673.62  264,938.59              184,992.50      1,340,742.53     1,149,470.62     2,709,847.49           

-                     18,935,421.04  0.094            1,779,929.58  282,492.12              184,992.50      1,312,444.96     1,041,861.12     4,022,292.45           

-                     18,821,808.51  0.094            1,769,250.00  300,045.65              184,992.50      1,284,211.85     943,934.05        5,306,504.30           

-                     18,708,877.66  0.094            1,758,634.50  317,599.18              184,992.50      1,256,042.82     854,841.64        6,562,547.12           

-                     18,596,624.40  0.094            1,748,082.69  335,152.71              184,992.50      1,227,937.49     773,808.91        7,790,484.61           

-                     18,485,044.65  0.094            1,737,594.20  352,706.24              184,992.50      1,199,895.46     700,127.48        8,990,380.07           

-                     18,374,134.38  0.094            1,727,168.63  370,259.76              184,992.50      1,171,916.37     633,149.95        10,162,296.44         

-                     18,263,889.58  0.094            1,716,805.62  387,813.29              184,992.50      1,143,999.83     572,284.73        11,306,296.27         

-                     18,154,306.24  0.094            1,706,504.79  405,366.82              184,992.50      1,116,145.46     516,991.31        12,422,441.73         

600,000.00      18,045,380.40  0.094            1,696,265.76  422,920.35              673,345.40        288,786.30        13,095,787.13         

-                     17,937,108.12  0.094            1,686,088.16  440,473.88              1,245,614.28     494,650.57        14,341,401.41         

-                     17,829,485.47  0.094            1,675,971.63  458,027.41              1,217,944.22     447,835.56        15,559,345.64         

-                     17,722,508.56  0.094            1,665,915.80  475,580.94              1,190,334.86     405,262.65        16,749,680.50         

-                     17,616,173.51  0.094            1,655,920.31  493,134.47              1,162,785.84     366,558.59        17,912,466.34         

-                     17,510,476.46  0.094            1,645,984.79  510,688.00              1,135,296.79     331,382.31        19,047,763.13         

-                     17,405,413.61  0.094            1,636,108.88  528,241.53              1,107,867.35     299,422.15        20,155,630.48         

-                     17,300,981.12  0.094            1,626,292.23  545,795.06              1,080,497.17     270,393.37        21,236,127.64         

-                     17,197,175.24  0.094            1,616,534.47  563,348.59              1,053,185.88     244,035.87        22,289,313.53         

-                     17,093,992.19  0.094            1,606,835.27  580,902.12              1,025,933.15     220,112.12        23,315,246.68         

 

 

 

 

 

Capital Energy Unit Price  Total Operation & Net Cash Flow Present Value Cumulative 

YEAR Investment Generation of Electricity Revenue Maintenance Cost (USD/Year) (USD) Cash Flow

(USD) (kWh)  (USD/kWh) (USD/Year) (USD/Year) (USD)

0 8,892,000.00    8,892,000.00-    

1 -                       19,164,707.60     0.094            1,801,482.51    247,385.06              1,554,097.46    1,438,979.13    1,554,097.46          

2 -                       19,049,719.36     0.094            1,790,673.62    264,938.59              1,525,735.03    1,308,071.87    3,079,832.49          

3 -                       18,935,421.04     0.094            1,779,929.58    282,492.12              1,497,437.46    1,188,714.13    4,577,269.95          

4 -                       18,821,808.51     0.094            1,769,250.00    300,045.65              1,469,204.35    1,079,909.06    6,046,474.30          

5 -                       18,708,877.66     0.094            1,758,634.50    317,599.18              1,441,035.32    980,744.43        7,487,509.62          

6 -                       18,596,624.40     0.094            1,748,082.69    335,152.71              1,412,929.99    890,385.56        8,900,439.61          

7 -                       18,485,044.65     0.094            1,737,594.20    352,706.24              1,384,887.96    808,068.82        10,285,327.57        

8 -                       18,374,134.38     0.094            1,727,168.63    370,259.76              1,356,908.87    733,095.64        11,642,236.44        

9 -                       18,263,889.58     0.094            1,716,805.62    387,813.29              1,328,992.33    664,827.04        12,971,228.77        

10 -                       18,154,306.24     0.094            1,706,504.79    405,366.82              1,301,137.96    602,678.63        14,272,366.73        

11 600,000.00        18,045,380.40     0.094            1,696,265.76    422,920.35              673,345.40        288,786.30        14,945,712.13        

12 -                       17,937,108.12     0.094            1,686,088.16    440,473.88              1,245,614.28    494,650.57        16,191,326.41        

13 -                       17,829,485.47     0.094            1,675,971.63    458,027.41              1,217,944.22    447,835.56        17,409,270.64        

14 -                       17,722,508.56     0.094            1,665,915.80    475,580.94              1,190,334.86    405,262.65        18,599,605.50        

15 -                       17,616,173.51     0.094            1,655,920.31    493,134.47              1,162,785.84    366,558.59        19,762,391.34        

16 -                       17,510,476.46     0.094            1,645,984.79    510,688.00              1,135,296.79    331,382.31        20,897,688.13        

17 -                       17,405,413.61     0.094            1,636,108.88    528,241.53              1,107,867.35    299,422.15        22,005,555.48        

18 -                       17,300,981.12     0.094            1,626,292.23    545,795.06              1,080,497.17    270,393.37        23,086,052.64        

19 -                       17,197,175.24     0.094            1,616,534.47    563,348.59              1,053,185.88    244,035.87        24,139,238.53        

20 -                       17,093,992.19     0.094            1,606,835.27    580,902.12              1,025,933.15    220,112.12        25,165,171.68        
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Appendix 8: Information summary of financial analysis (considered 100% equity) 

 

 

 

Appendix 9: Profitability indicators result comparison between two financing system 

(100% Equity Finance and 60% Equity & 40% Debt Finance at 9% interest rate) 

 

 

 

Value

8.00%

13,063,913.81        

9,492,000.00          

3,571,913.81          

14.47%

1.38                           

6 Year & 1 Month

414,143.59              

0.049                         

Particulars

Levelized Cost of Energy (USD/kWh)

Yearly Average Production Cost

Payback Period (PBP)

Discount rate of interest or Opportunity cost of capital value

Benefit to Cost Ratio (B/C) or Profitability Index (PI)

Internal Rate of Return (IRR)

Net Present Value (NPV)

Cash Inflow

Cash Outflow

Particulars 100% Equity Finance
60% Equity &      

40% Debt Finance

Discount rate of interest 8.00% 8.00%

Cash Inflow 13,063,913.81           11,822,599.07        

Cash Outflow 9,492,000.00             9,492,000.00          

Net Present Value (NPV) 3,571,913.81             2,330,599.07          

Internal Rate of Return (IRR) 14.47% 12.45%

Benefit to Cost Ratio (B/C) 1.38                           1.25                        

Payback Period (PBP) 6 Year & 1 Month 7 Year & 1 Month

Yearly Average Production Cost 414,143.59                414,143.59             

Levelized Cost of Energy (USD/kWh) 0.049                         0.049                      
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