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Abstract 29 

Bangladesh Government is in the final stage of setting up one nuclear power plant with two units at Rooppur, Ishwardi, 30 

each having 1200 MW capacity, to be launched in 2023 to meet the energy shortage urgently. The financial cost of 31 

the project is the US $12.65 billion. The primary purpose of this paper is to calculate the economic cost of setting up 32 

this plant by using the estimation method developed by Du & Parson (2009), MIT (2003; 2009; 2018), and Singh, 33 

Sharma, and Kalra (2018). It has been found that the economic cost amounted to 9.36 cents/kWh for the capacity of 34 

2400 MW. In contrast, for a similar plant in Kudankulam, Tamil Nadu, India, the corresponding cost figure is 5.36 35 

cents/kWh for 2000 MW. Even though it seems costlier than India, the study suggests that policymakers should prefer 36 

nuclear power, as it is cost-competitive, considering the production cost of other electricity facilities. The main 37 

advantage of nuclear power is cost-competitive baseload power generation with zero carbon emission. This Nuclear 38 

Power Plant (NPP) project is expected to boost the energy sector of Bangladesh by transforming the country from an 39 

energy deficit country into an energy surplus country.  40 

Keywords: Nuclear Power Plant; Rooppur; Nuclear Power; Nuclear Energy; Atomic Energy; Levelized Cost of 41 

Electricity (LCOE); Cost-benefit Analysis; Discounted Present Value Method; Bangladesh; India 42 

JEL Classification: D61; Q4 43 

Highlights 44 

• Bangladesh Government is setting up two units of nuclear power plants in Rooppur with 1200 MW capacity 45 

each for the first time in its history. 46 

• The total financial cost of this construction has already been estimated to be US$12.65 billion.  47 

• This paper attempts to assess the broader economic cost of setting up this plant at Rooppur, Bangladesh, by 48 

using the Discounted Present Value Method developed by Du & Parson (2009), MIT (2003; 2009; 2018), 49 

and Singh, Sharma, and Kalra (2018). 50 

• The Levelized Cost of Electricity (LCOE) has been estimated to be 9.36 cents/kWh, whereas the rate is 5.34 51 

cents/kWh for a similar plant of Kudankulam Tamil Nadu, India. 52 

• In terms of Bangladeshi currency, the LCOE is BDT 7.94/kWh. Hence, if the Government can sell the 53 

electricity above this price, the project will be economically viable or profitable. 54 
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1. Introduction 55 

In 2018, Bangladesh fulfilled the eligibility criterion for graduation from Least Developed 56 
Countries (LDC) list. Bangladesh's Government has a target to reach the status of a high-income 57 
country by 2041, which will increase the demand for electricity in the industrial sector substantially 58 
in years to come (Ministry of Power, 2016). Therefore, adequate energy supply in general, and 59 
specifically electricity supply will be instrumental in ensuring the country's economic progress in 60 

the coming decades. Currently, Bangladesh is producing electricity mainly by utilizing natural gas, 61 
but the diminution in natural gas production is a significant concern for future electricity supply. 62 
Furthermore, the current demand-supply gap in the electricity sector is another major cause of 63 
concern. According to the Bangladesh Power Development Board, per capita electricity generation 64 
in Bangladesh is 484 kWh (including captive production), where 90% (including the off-grid 65 

renewables) of the population have access to electricity (Hydrocarbon Unit, Ministry of Power, 66 

2019). However, the World Development Indicator (2019) estimated that 15% of the population 67 
is still deprived of electricity, while all developed countries have ensured 100% access to 68 

electricity. India, our nearest neighbor country, has 95.24% access to electricity.  Therefore, 69 

Bangladesh must meet this gap and ensure that 100% of the population has access to electricity.     70 

 In 2017-18 the growth in electricity production was 19.02%, indicating that Bangladesh is 71 
experiencing a rapid increase in electricity production. However, with a rapid rise in economic 72 
activity measured by a Real GDP Growth rate of around 8%, which is higher than her South Asian 73 

counterparts like India and Pakistan, electricity demand has increased concurrently. 74 

The contraction of natural gas, combined with the growing electricity demand, has resulted in a 75 
significant thrust to generate electricity from other sources. The Bangladesh Government has taken 76 

various initiatives for energy diversification and a robust, high-quality power network to maintain 77 

an uninterrupted electricity supply. Electricity generation from the nuclear power plant is one of 78 
the vital steps of the Government's commitment to high growth and a smooth supply of electricity 79 
at a larger scale.  Nuclear power offers an environment-friendly baseload power generation.  The 80 

land requirement for a nuclear power plant is low and does not need natural resources, i.e., coal, 81 
natural gas, or oil. It ensures an uninterrupted power supply for a long time with zero carbon 82 

emission and with grid stability. Thus, nuclear power is crucial for fuel diversification of electricity 83 
production.  84 

Given this advantage, Bangladesh started constructing the first nuclear power plant in Rooppur in 85 
November 2017. The plant will have two units, and the first unit is expected to commence 86 
electricity supply by 2023. The second unit is expected to start its operation in 2024. Nuclear power 87 
has a very high initial investment cost, with substantial technical complexity and significant 88 

technological, market, and regulatory risks. Still, it can supply a large amount of baseload 89 
electricity at a low operating cost (Kennedy, 2007). The construction and operation cost of a 90 
nuclear power plant (NPP) may depend on the type of nuclear reactor used and the fuel used in its 91 

reactors (Ramana, 2012; Kennedy, 2007; Singh, Sharma, and Kalra, 2018). However, the risk 92 
associated with NPP is very high, and the safety of waste disposal of NPP is a fundamental concern 93 
(Ministry of Power, 2016, World Nuclear Association 2018, IAEA, 2018). The waste disposal cost 94 
is another essential cost component of an NPP (Ministry of Power 2016; Islam & Khan, 2017, & 95 
Harris et al., 2013). Bangladesh Govt., policymakers, and researchers are actively looking for a 96 
mechanism to determine the total cost of nuclear production. As Bangladesh has just started its 97 
NPP, she may face different technical complexity, regulatory issues, and required costs to train her 98 
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technical personnel (Hydrocarbon Unit, Ministry of Power, 2019). Therefore, along with the 99 

capital, operating, and waste disposal costs, Bangladesh will also incur external costs. Electricity 100 

generation from NPP will be a better option if the cost of electricity production is competitive. 101 
Thus, it is vital to analyze the economics of the NPP for Bangladesh for expanding electricity 102 
generation through nuclear energy. 103 

It is challenging to conduct a cost-based analysis to examine the economics of NPP and to find 104 

whether the cost of production is competitive relative to other types of energy generation. In South 105 
Asia, India has the highest number of nuclear electricity plants and in 2016 produced 2.6% of its 106 
electricity from nuclear sources. India has seven established NPPs with twenty-two reactors, and 107 
nuclear power is the fifth-largest source of electricity supply in India (World Nuclear Association, 108 
2018b). This study examines the cost of Rooppur units 1 & 2 with India's Kudankulam units 3 and 109 

4, as both of these NPP are under Rustom, a Russian NPP construction firm.  110 

This study examines the economics of NPP using a financial model to estimate the Levelized cost 111 
of electricity (LCOE) in both countries. Singh, Sharma, and Kalra (2018) define Levelized Cost 112 
of Electricity (LCOE) as the net present value of the project's total cost over the whole life cycle 113 

of the plant divided by the discounted quantity of electricity produced over the plant's lifetime. 114 
This study utilizes the Financial Model used by Du & Parson (2009), MIT (2003), and MIT (2009) 115 
to estimate the LCOE of Bangladesh in relationship with India, where India is considered as a 116 

benchmark. After estimating LCOE, we conduct a sensitivity analysis to reveal how different cost 117 
parameters affect the LCOE calculations in the two countries. The input cost parameters are 118 

overnight cost, operation, maintenance cost (O & M cost), decommissioning cost, fuel cost, and 119 
financial parameters: tax rate, cost debt, cost depreciation, and weighted average of capital.  120 

The research findings suggest that the cost of nuclear power will be competitive in Bangladesh 121 

compared to other power generation facilities. Furthermore, it will also be competitive with other 122 
countries in the World. Moreover, according to our findings, nuclear power is competitive 123 

compared to other electricity generation facilities in India. We found that the economic cost is 124 
estimated to be 9.36 cents/kWh for the capacity of 2400 MW, whereas for a similar plant in 125 
Kudankulam, Tamil Nadu, India, the corresponding cost figure is 5.36 cents/kWh for 2000 MW.  126 

We select a few countries like China, India, Japan, Pakistan, the United Kingdom, and the United 127 
States and compare them with Bangladesh to look at nuclear energy and other alternative uses as 128 

percentages of total energy use. We see that Bangladesh is lying at the lowest level concerning the 129 
other six countries, ranging from 2010 to 2014 (Table 1). 130 

(Table 1 goes about here.) 131 

Table 1 shows that the US is the leading country, followed by the UK. However, Japan has 132 

drastically reduced its use from 16.66% to 2.22%. The US and the UK are still maintaining their 133 
percentage above 11% on average. Pakistan leads with above 4% in South Asia, whereas India has 134 
a figure above 2.5%. China has a double percentage figure compared to India. Bangladesh could 135 
not even reach the level of 1%. The table shows that Bangladesh can significantly improve its 136 

position in nuclear-based energy exploration.  137 

We show the per capita electric power consumption in the same comparative setup in Table 2. The 138 
per capita electric power consumption is the lowest in Bangladesh compared to other selected 139 
countries. However, the access to electricity as a percentage of the population is above only of 140 
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Pakistan. The figure is far below the global standard, and Bangladesh is also lagging behind India 141 

in this respect.   142 

(Table 2 goes about here.) 143 

We report the electricity production of the selected countries in Table 3. Bangladesh lags behind 144 

other countries in electricity production from oil, gas, and coal sources (mainly fossil fuel-based 145 
production). Furthermore, Bangladesh, India, and Pakistan have an increasing trend of electricity 146 
production from oil, gas, and coal sources, whereas China, the USA, and the UK have a 147 
diminishing trend in production from fossil fuel-based sources. Meanwhile, hydroelectric sources 148 
of electricity production have decreased for Bangladesh, whereas electricity production from 149 

renewable sources increased, but its share is small compared to the overall electricity production. 150 
Bangladesh's position in nuclear production is entirely nil at this stage, whereas there is ample 151 
opportunity to tap this channel and achieve rapid and environmentally friendly economic growth.  152 

(Table 3 goes about here.) 153 

The above analysis shows that Bangladesh is significantly lagging behind other countries in 154 

nuclear energy generation. The facts and figures, therefore, justify the endeavor of Bangladesh to 155 
develop a nuclear power plant. Even though the policymakers have a guideline about the expected 156 
financial cost of setting up NPP at Rooppur, Bangladesh, no economic cost-benefit analysis has so 157 
far been conducted. This paper has attempted to fill this gap through a comprehensive economic 158 
cost analysis based on the standard LCOE method developed by Du & Parson (2009), MIT (2003; 159 
2009; 2018), and Singh, Sharma, and Kalra (2018). We use a different method used by Islam and 160 

Bhuiyan (2020) in assessing the economic cost of nuclear in Bangladesh. Islam and Bhuiyan 161 
(2020) used Financial Analysis of Electric Sector Expansion Plans (FINPLAN) modeling 162 

according to International Atomic Energy Agency (IAEA) 2018, to estimate Levelized unit 163 

electricity cost (LUEC), Net present value (NPV), Internal rate of return (IRR), and Payback period 164 

(PBP) for nine different cases. 165 

On the other hand, this current study provides a detailed LCOE estimation model for Bangladesh 166 
and Indian NPP. This economic costing will be immensely useful for the energy pricing of 167 

Bangladesh for commercial and other purposes and determine whether the pricing is economically 168 
viable or not. Therefore, this paper has direct policy implications for cost-effectively designing the 169 

energy pricing strategies of the Bangladesh Government. Furthermore, the different cost input 170 
parameters of Islam & Bhuiyan (2020) are distinct from ours as the Model is different. Another 171 
unique contribution of our paper is that it includes the external cost of the first establishment of  172 
NPP in Bangladesh as an essential key cost parameter where the previous study did not have such 173 
cost input parameters.1  174 

With this end in view, the study is organized as follows. Section 2 provides a brief literature 175 
review; Section 3 introduces the Model for cost estimation; Section 4 presents the estimated results 176 
of LCOE; Section 5 provides a detailed interpretation of the result; Section 6 presents a sensitivity 177 
analysis;  Section 7 identifies the relevance for the cost estimation, followed by conclusion and 178 

policy suggestions in section 8. 179 

 
1 We are grateful to an anonymous reviewer for suggesting us to add this section in the introductory part for 
sharpening the focus of the paper. 
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2. Literature Review  180 

Historically, nuclear power is not cost-competitive compared to fossil-fuel electricity or renewable 181 
electricity. Therefore, until today, the cost is a critical concern in the expansion of nuclear power. 182 
However, the cost is more straightforward to quantify than the benefits side, which is expected to 183 
occur in the future. Different studies examine the various aspects of the cost of nuclear power to 184 
understand the economics of nuclear power. The literature of cost analysis of NPP can be 185 

categorized into three groups: the Monte Carlo estimation method; Real Option based analyses, 186 
and Standard LCOE based analyses. In this section, we discuss these three lines of materials one 187 
after another. Among all the studies, MIT (2003), MIT (2009), MIT (2018), Wealer et al. (2019), 188 
Du and Parson (2009), De Roo & Parsons (2011),  Rothwell (2006), Singh, Sharma, and Kalra 189 
(2018) are noteworthy. 190 

2.1 Monte Carlo Estimation Method 191 

Monte-Carlo simulation is a stochastic method in which the same experiment (i.e., several 192 
thousand to millions) is repeated. Different pre-defined variables are chosen from a specific range 193 

based on an assumed distribution for each trial. To understand NPP economics, some studies used 194 
the Monte Carlo Estimation method to stimulate NPV or LCOE of the power plant to examine the 195 

likelihood of achieving a certain level of NPV or LCOE (Wealer et al., 2019). Based on the Monte 196 
Carlo simulation result, the decision can be made whether an NPP will be economically cost-197 
competitive in the long run.  198 

Wealer et al. (2019), using the Monte Carlo method, argue that the NPP was never an economically 199 

viable option to produce electricity. Historically, NPP has higher construction costs than its fossil-200 
fuel counterparts, i.e., coal and natural gas. Moreover, it is still not cost-competitive with a new 201 

advanced nuclear reactor system either with renewables or fossil-fuel-based electricity. Therefore, 202 

they analyze the private investors' perspective on generic Gen III/III+ reactors with 1600 MW 203 

capacity, based on data from Europe and the USA. The study results suggest that due to a negative 204 
NPV and high LCOE, a private investor cannot invest in nuclear power compared to other 205 

electricity production options. It is to be noted that this study does not include data from China 206 
and Russia due to the unavailability of data in those countries. Thus, Wealer et al. (2019) might 207 
have come up with a different finding if they could have added Chinese nuclear electricity 208 
production in their Monte Carlo estimation, as Yu et al. (2020) argue that compared to other clean 209 

energy options, nuclear power is cost-competitive in China. According to this study, in 2017, the 210 
price of nuclear electricity was slightly higher than coal and hydropower in China, whereas it is 211 
lower than solar, wind, and biomass. Therefore, adding China to the Monte Carlo Simulations may 212 
give a different conclusion for nuclear power generation cost.   213 

2.2 Real Option Based Estimation Method  214 

The real option-based analysis uses the option valuation of an asset considering the uncertainties 215 
of investment. In NPP, real option-based analysis is used to examine the risk-adjusted cost of 216 
capital and the net present value taking into account net revenue uncertainties (Rothwell, 2006). 217 

Real option value analysis can also be helpful to recognize the sensitivity of different fossil fuel 218 
prices.  219 

Rothwell (2006) used a real option-based analysis to examine the prospect of a newly established 220 
NPP. This study attempted to determine a risk premium based on the net revenue uncertainty. It 221 
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identifies that the net revenue (revenue before the payment of construction expenditure) is 222 

associated with three risks: price risk, output risk, and cost risk in a deregulated electricity market. 223 

This study measures the risks and determines how each of the risks individually and jointly 224 
influences the risk-adjusted cost of capital. Finally, this study recommends that giving risk 225 
premium and contracting can mitigate a newly established NPP's risks and uncertainty.  226 

2.3 Levelized Cost of Electricity (LCOE) based method:  227 

In addition to the Monte Carlo estimation method and real option-based cost modeling, Levelized 228 
Cost of Electricity (LCOE) is the most widely-used method to examine the economics of nuclear 229 
power. Different studies used LCOE based cost modeling to understand the economics of nuclear 230 

power. Among them, MIT (2003), MIT (2009), MIT (2018), Du and Parson (2009), De Roo and 231 
Parson (2011), and Singh, Sharma, and Kalra (2018) are noteworthy. In this LCOE based method, 232 
the net present value of the total cost of an NPP is calculated, and then it is divided by the total 233 

amount of electricity produced over the plant's life span.  234 

MIT (2003) is the first interdisciplinary research in MIT's future nuclear power research, 235 

introducing the standard LCOE based analysis for nuclear power generation. This study introduces 236 
a standard and detailed Levelized Cost (LCOE) model for electricity generation from nuclear 237 

power, using different cost parameters. Later, MIT (2009), De Roo and Parson (2009), and MIT 238 
(2018) introduced a new standard in the nuclear cost analysis with a set of updated cost parameters 239 
due to change in various cost components. MIT (2003) calculates the LCOE of a hypothetical 1000 240 

MW nuclear power plant, compares it with 1000 MW coal and natural gas power plants, and 241 
examines the cost competitiveness of NPPs. The findings suggest that nuclear power is not cost-242 

competitive in a deregulated electricity market than other fossil fuel alternatives. According to this 243 
study, the LCOE of nuclear power, coal, and natural gas are 6.7 US Cents/kWh, 4.2 US cents/kWh, 244 

and 3.8 US cents/kWh, respectively.  245 

MIT(2009) and Du and Parson (2009) use the same LCOE-based methodology and update all the 246 
cost parameters of MIT (2003) based on the change in the cost of construction. MIT (2003) 247 

considers the 2002 price level, whereas these two studies use more recent 2007 price levels for the 248 
cost components. Overall findings suggest that the LCOE of NPPs increased when the capital cost 249 
of construction doubled.  250 

MIT (2018) attempts to examine the future of nuclear power in decarbonizing the electricity sector. 251 
This study exclusively focuses on new generation nuclear reactors and their cost estimation, where 252 
MIT (2003) and MIT (2009) focus on Pressurized Heavy Water (PWR) based technology. It 253 
provides several recommendations to improve nuclear power's cost competitiveness, as due to 254 
high-cost constraints, the various benefits of nuclear power are often ignored. It suggested a shift 255 

from previous light water reactor or heavy water reactor to new generation IV rector to reduce 256 
cost, introduce appropriate CO2 emission policies that will make nuclear power competitive, and 257 

raise public awareness about the benefits of nuclear energy.  258 

De Roo and Parsons (2011) examine the LCOE for three different types of fuel cycle: once through 259 

the cycle, twice through the cycle and fast reactor cycle. The findings suggest that LCOE is higher 260 
from a once-through fuel cycle from twice through fuel cycle as twice through cycle involves 261 
recycling fuel. Thus, recycling cost raises the LCOE as one additional cost parameter is being 262 
added with it. Further, they introduce the concept of equilibrium cost for a fast reactor cycle, when 263 
"all reactors in a given fuel cycle scheme operate at constant power and that all mass flows have 264 
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reached an equilibrium." The critical difference between equilibrium cost and LCOE is that the 265 

equilibrium cost is calculated concerning the time dimension. 266 

In contrast, LCOE is the average cost of electricity production throughout the lifetime of a plant. 267 
Therefore, the equilibrium cost is higher than the LCOE. This is because equilibrium cost has 268 
delayed realization of cost, thus including many delayed costs that can be realized with time. 269 
Finally, this study is unique regarding the LCOE and equilibrium cost analysis for different fuel 270 

cycle processes and clearly distinguishes between LCOE and equilibrium cost. 271 

The above literature focuses on the economics of nuclear power worldwide based on three 272 
categories. However, different studies specifically discuss the economics of  India's nuclear 273 

electricity generation using LCOE estimation.  Singh, Sharma, and Kalra (2018) examine the 274 
Levelized Cost of Electricity produced from light water nuclear reactor technology in India. This 275 
article considers Indian-specific values for taxes, depreciation, and returns on equity. Furthermore, 276 

this study develops alternative scenarios for overnight costs, fuel costs, operation and maintenance 277 
(O&M) costs, cost of debt, discount rate, and return on equity. In addition to that, this article builds 278 
a financial model to calculate the Levelized Cost of Electricity based on the present value of total 279 

costs and the discounted value of the total quantity of electricity produced over the plant's lifetime. 280 
Finally, this study used a once-through cycle and twice-through cycle option for light water 281 
technology. According to their findings, these two options will cost 13.93 cents per kWh and 14.13 282 

cents per kWh, respectively.  283 

In the case of Bangladesh, no such study examines the economics of nuclear power based on any 284 
quantitative model with one exception (Islam and Bhuiyan 2020). This is because nuclear power 285 

is very new to Bangladesh, and its first nuclear power plant construction is in progress. It is 286 
expected that Bangladesh will generate electricity using nuclear power by the year 2023.  287 

Therefore, it is clear from the studies that the LCOE based methodology is widely used to examine 288 

nuclear power economics. This method is also suitable for a newly built power plant with no data 289 
on cost parameters. Thus, this current study chooses this LCOE based approach to examine 290 

Bangladesh's Rooppur Nuclear Plant economics and compares it with India's Kudankulam Power 291 
Plant. To the best of the authors' knowledge, no such peer-reviewed work has been done to estimate 292 
Nuclear Power Economics in Bangladesh except Islam and Bhuiyan (2020). They used Financial 293 
Analysis of Electric Sector Expansion Plans (FINPLAN) modeling according to International 294 

Atomic Energy Agency (IAEA) 2018, to estimate Levelized unit electricity cost (LUEC), Net 295 
present value (NPV), Internal rate of return (IRR), and Payback period (PBP) for nine different 296 
cases. According to their study, the Levelized Cost of electricity ranges from 43.8 to 82.5$/MWh 297 
for Rooppor NPP. Some other non-peer-reviewed works such as Khondker and Hossain (2017), 298 
conduct financial and economic feasibility studies of the project by considering only one set of 299 

optimistic parameters, such as a PCF of 93%, a plant lifetime of 50- years, and a discount rate of 300 
5% and assume 3.5 cent/ kWh LCOE to estimate the different social and economic cost-benefit 301 

ratio of the projects. A summary literature table is provided based on different cost estimation 302 
methods.  303 

(Appendix Table A1 goes about here.) 304 

Besides different cost estimation methods, literature focusing on nuclear power plants in 305 
developing countries is very limited. In a developing country with a high population density, it is 306 
challenging to manage the construction and operation of nuclear power plants. In developing 307 
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countries, the private sector cannot support nuclear power plants due to high construction costs 308 

and safety issues (Lehtonen et al., 2020). It is critical to examine country-specific risk allocation 309 

strategies and financing issues. Hickey et al. (2021) examine the four case studies of four countries 310 
on nuclear negotiation and their prospective solution to overcome the commercial constraints of 311 
construction. These four countries are Turkey, Egypt, Jordan, and United Arab Emirates (UAE). 312 
According to their findings, commercially viable financing and fair risk allocation are significant. 313 
The state must consider a comprehensive energy mix strategy and state sovereignty due to complex 314 

issues of joint venture ownership of NPP. Degrees of control over any nuclear program, the balance 315 
of power, and the balance of debt and equity are critically important in the political situation in the 316 
Middle East. Notably, in the case of Jordan, due to high financial and repayment of the commercial 317 
loan with Rustam, Jordan canceled its two 1000 MW VVER nuclear power plant programs (World 318 
Nuclear Association 2021). Instead of a big reactor project in 2018, Jordan focused on buying 319 

Small Module Reactor (SMR) project. Ramna and Ahmed (2016) identify that SMR may be a 320 

better option for Jordan than two large reactors based on financial resources and the smaller grid 321 
capacity of Jordan. However, the problem of SMR includes finding multiple suitable locations for 322 

multiple SMR, nearby water resources to cool SMR, and higher cost of electricity generation. 323 

Meanwhile, apart from financial competence to establish nuclear power plants, it is also essential 324 
to identify the public attitude towards nuclear energy for the future sustainability of NPP in 325 
developing countries. In this context, Gupta et al. (2021) examine the public perceptions about 326 
nuclear energy in India using a nationwide survey. The result of their multiple regression analysis 327 

suggests substantial support for nuclear energy expansion in India. The public perception about 328 
the benefits of nuclear energy offsets the potential risks where concerns about energy security and 329 

climate change correlate with support for nuclear energy. Similar results can be found in another 330 
public perception study among Turkish people.  Davis & Hausman (2016) found that climate 331 

change and environmental concern have a higher significant impact over positive public attitudes 332 
on nuclear energy instead of energy security in Turkey. Furthermore, in Pakistan, Mahmood et al. 333 

(2020) suggested that nuclear energy may be a cleaner electricity source than other fossil fuel 334 
sources if some effective measures are taken. Therefore, in developing countries with high 335 
population density and high energy demand, nuclear energy may be a better option to produce 336 

electricity despite financial constraints due to energy security, climate change, environmental 337 
concern, and positive public perception.2  338 

Furthermore, Nuclear power is a topic of enormous debate for energy policymakers. Gupta et al. 339 
(2021) argued that nuclear power is a viable option for emission reduction in developing countries 340 
where demand is very high compared to the supply. In developing countries, increased energy 341 

demand calls for an uninterrupted baseload electricity supply, where renewable energy may not 342 
meet that huge demand. Therefore, nuclear energy can ensure reliable, affordable, and ample 343 

electricity supply in developing countries with reduced carbon emissions. On the other hand, the 344 
drawback of nuclear power is the potential risks of accidents, waste disposal issues, requirements 345 
for highly skilled workers for operation, and long-term effects of radiation (Ho et al., 2019).  346 
Muellner (2021) argues that the climate change effect of nuclear would be minimal in the long run. 347 
According to the existing nuclear plants, including under-construction sites globally, the maximum 348 

reduction in greenhouse gas emissions would be 2-3% (Muellner 2021). However, Davis & 349 
Hausman (2016) argue that only one nuclear plant closure in California in 2012 caused an increase 350 

 
2 We are grateful to an anonymous reviewer for bringing up the issue of developing countries with high population 
density and low geographical space. 
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in 9 million metric tons CO2 emission over one year. Therefore, given all the backdrops of nuclear 351 

power plants considering the baseload energy benefit with zero carbon emission and the calculated 352 

LCOE of the current study, we can safely conclude that nuclear power may be a beneficial option 353 
for electricity in the case of Bangladesh.  354 

3. The Model used in the Cost Calculation  355 

The current paper aims to estimate the economic cost of setting up the NPP in Rooppur. The 356 
research utilizes the LCOE by following the methodology of Du & Parson (2009), MIT (2003; 357 
2009; 2018), and Singh, Sharma, and Kalra (2018). However, there is some criticism against the 358 
standard Levelized cost-based study to understand nuclear power economics. The main criticism 359 

of LCOE based methodology is that risks, uncertainties, and externalities are not included in the 360 
analysis.  Thus, it is hard to get a clear picture of the economics of nuclear power.  361 

The paper utilizes the standard LCOE method despite the shortcomings described above. The real-362 
life data are not available for nuclear power plants in Bangladesh in the context of our current 363 
study. Therefore, Monte Carlo Estimation or real options-based analysis, i.e., the other two 364 

methods discussed in the literature review, is beyond the scope of this study. Thus, we focus on 365 
standard Levelized cost-based methodology to analyze the economics of NPPs in Bangladesh. The 366 

analysis is compared to that of India. 367 

We calculate the LCOE separately for the newly built nuclear plant in Bangladesh and India using 368 
the following Model and compare them. Our result of the Model is determined by the set of 369 
assumptions around different cost parameters. The paper is unique in estimating the LCOE for 370 

Rooppur NPP, units 1 & 2 in Bangladesh, and units 3 & 4 of Kudankulam NPP in India, all of 371 
which are currently under construction3.  372 

This study relies on previous studies as some of the cost parameters for the two power plants are 373 
unavailable. Thus, this current study assumes various cost parameters based on previous LCOE 374 

studies conducted in different countries. Detailed discussions on the assumptions of different cost 375 
parameters are given in the estimation sections.   376 

Both projects are under construction, and we assumed a seven-year construction period with a 377 
plant life of 60 years for Bangladesh and India. It is consistent with the World Nuclear Association 378 

(2011) and Harris et al. (2013), which estimated a global average of the construction period of 379 
NPP to be within 5 to 7 years. Note that the first unit of Rooppur NPP started in November 2017 380 
and is expected to start its operation by 2023/2024 (World Nuclear Association, 2020). 381 

Furthermore, the development of the second unit began in July 2018 and is expected to start its 382 
operation by 2024/2025 (World Nuclear Association,2020). On the other hand, Kudankulam units 383 
3 & 4 started their construction in June 2017 and October 2017, respectively, and are expected to 384 

start their operation by 2023 (World Nuclear Association, 2020). In the case of our study, the target 385 
schedule is six and a half years approximately. Thus, we add six months to cover the uncertainties 386 
(including the effect of COVID-19) and assume seven years for the construction period. 387 

LCOE is estimated by using the following equation:  388 

 389 

 
3 Unit 1 & 2 of Kudankulam are operating from 2013 and 2014 respectively.  
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Description of the Parameters of the Model  397 

Here, Kt=Capital Cost of Construction t=7 years of the construction period.  398 

EXc= External cost during construction t=7 years of the construction period only applicable in the 399 

context of Bangladesh. 400 

IDC = Interest payment during construction period t= seven years of the construction period. 401 

ICC = Incremental Capital Cost starting from 8 years to 67 years as plant life is 60 years. 402 

OMf= Fixed O & M Cost starting from 8 years to 67 years as plant life is 60 years. 403 

OMv= Variable O & M cost starting from 8 years to 67 years as plant life is 60 years. 404 

Ft= Fuel cost starting from 8 years to 67 years as plant life is 60 years. 405 

REt= Return on equity starting from 8 years to 67 years as plant life is 60 years. 406 

CDt= Cost of Debt starting from 8 years and ending at 36 years after the loan cycle ends.  407 

TDt= Tax benefit of deprecation of Nuclear Power Plant starting from 8 years to 67 years following 408 

the schedule of standards of Sing, Sharma, and Kalra  (2018)  409 

DCOM t= Decommissioning cost of the nuclear power plant at the 71st-year 410 

r= Discount rate 411 

Gn= Total Electricity produced over the life span of the plant starting from 8 years and ending at 412 

67 years  413 

The key difference between equation 1 and equation 2 is the inclusion of external cost identified 414 
through the variable. In equation 1 for Bangladesh LCOE estimation, we added an external cost of 415 
USD 180.7 million and discounted that cost over the seven years construction period. There is a 416 
setup cost for constructing the first NPP. This is just a one-off cost, and once the NPP starts 417 

 
4 The above two equations are modified from Singh, Sharma, and Kalra (2018) and Du and Parson (2009). 
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operating, there will be regular operation and maintenance costs. For India, no such one-off cost 418 

is included in the estimation. 419 

 420 
The total duration of the Model is 67 years, where the first seven years are considered to be the 421 
pre-construction period, and the following 60 years are considered as the plant's operating period. 422 
Each cost parameter is associated with each of the periods of the nuclear life-cycle.  During 423 
construction, the two key cost parameters are construction cost and interest payment, and during 424 

operation, the key parameters are variable operating cost, discount rate, tax, and depreciation rate. 425 
The decommissioning cost of the NPP commences after the end of its operating period. At the 426 
decommissioning phase, plant facilities' safety process, disposal, and storage induce cost 427 
decommissioning (Singh, Sharma, and Kalra, 2018).  We estimate the LCOE for the two countries 428 
using the above-mentioned equations 1 and 2. In order to maintain comparability, all the 429 

estimations are in the 2010 US dollar value. The evaluation of LCOE is greatly influenced by 430 

different input cost parameters that are discussed in the following sections. Finally, to remain 431 
consistent with other studies, we do not calculate the accident risks or any other factor interrupting 432 

the electricity supply during the plant's lifetime. 433 

The method involves a detailed estimation of the cost parameters, which is described in the 434 
following section. 435 
4.  Estimation of the Cost Parameters of the Model 436 

 The selection of the appropriate cost parameter will be addressed in the section following our 437 
literature review and assumptions made in the previous sections. All the parameters are adjusted 438 

with country-specific values. For example, tax rate, discount rate, depreciation, debt-equity ratios 439 
vary between Bangladesh and India. We consider the current fiscal and regulatory environment to 440 
determine different parameters for the two countries. Further, we adjust the price level and inflation 441 

for the given parameters. Methods for selecting the different cost parameters for LCOE estimation 442 

are given below:  443 

4.1 Overnight Cost 444 
The overnight cost is a part of the capital cost. It includes construction, system cost, procurement 445 
cost, engineering cost, cost of equipment, first fuel load, and other costs (World Nuclear 446 

Association, 2020). This kind of cost is one of the key cost components of the NPP. The share of 447 
overnight cost accounts for a significant portion of the LCOE; thus, estimation of this cost is crucial 448 

while determining LCOE (Du and Parson 2009).  449 

According to the World Nuclear Association (2020), the total capital cost of construction exclusive 450 
of interest during construction and cost escalation is 12.65 billion USD for 2400 MW of Rooppur 451 

and 6.25billion USD for 2000 MW Kudankulam units 3 & 4. Therefore, this paper calculates 452 
$5271/KW for the Rooppur power plant while considering 2400 MW capacity and $3125/KW for 453 

Kudankulam while considering the 2000 MW capacity of the plant. In the case of India, previous 454 
studies use a similar figure for overnight cost estimations.  Singh, Sharma, and Kalra  (2018) use 455 
overnight cost at $3000/KW, where Bharadwaj et al. (2008) use a range of $2000-$3000/KW. 456 
However, this study uses an exact amount rather than an approximation because the overnight cost 457 
is derived from real-life data. In the case of Bangladesh, the overnight cost seems significantly 458 

higher than most of the studies as Rooppur is the first NPP of Bangladesh. Therefore, it includes 459 
the setup cost instead of already established 22 nuclear reactors in India. We use this estimated 460 
figure for the base case scenario. However, the study uses a range of overnight costs of $2500-461 

$3750/KW for India and $4217-$6326/KW in Bangladesh in the sensitivity analysis. 462 
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The overnight cost has been distributed based on the construction schedule and discounted with a 463 

given rate. The changes in LCOE are directly proportional to the changes in the overnight cost, 464 

and these fluctuations are discussed in detail in the following sections.  465 

4.2 Interest During Construction 466 
Interest During Construction (IDC) is another essential component of our LCOE estimation. This 467 
cost represents the interest cost on funds raised to build the plant (such as loan debt or stock equity) 468 

(MIT, 2018). This cost is incurred during the construction period when there is no operating 469 
income. Thus, this cost is included in the capital cost as a financing cost. This cost is also known 470 
as 'interest during construction (IDC) or 'accumulated funds during construction' (AFD) (MIT, 471 
2018). In other words, this is the interest payment on the amount borrowed to finance the capital 472 
during the construction period (Singh, Sharma, and Kalra, 2018). Different studies suggest 473 

different capital costs as IDC; however, MIT (2018) estimated IDC 20% of capital cost. 474 

Furthermore, Word Nuclear Association (2020) suggests IDC as 30% of capital when the 475 
construction period is five years and increases to 40% of capital when the construction period is 476 
seven years. On the other hand, Singh, Sharma, and Kalra (2018) estimate (for an overnight cost 477 

of $2000/KW) IDC as US$324.05 million for a five-year construction period in India. In addition 478 
to that, Bharadwaj et al. (2008) estimate IDC as 20% of the capital cost for a 5-year construction 479 
period, where Bharadwaj et al. (2006) measured 25% of the capital cost as IDC. However, we have 480 

chosen 40% of capital cost as IDC due to the 7-year construction period,  for India and Bangladesh, 481 
following the World Nuclear Association (2020). 482 

4.3 Operations and Maintenance Costs (O&M) 483 

Compared to coal, natural gas, and other electricity generation facilities, the advantage of nuclear 484 
power is the low cost of O&M (Du & Person, 2009). This cost solely depends on the NPP's type 485 

of reactor and technology (Singh, Sharma, and Kalra, 2018). Due to the unavailability of data for 486 
cost parameters, we modified the O&M cost used in MIT (2009) and Du & Person (2009) input 487 

parameters. Unlike Singh, Sharma, and Kalra (2018), we estimate the fixed and variable 488 
Operations and Maintenance Costs separately, following MIT (2003, 2009), Du and Person (2009), 489 
and MIT (2018). According to our estimation, the fixed Operations and Maintenance Cost is 490 

$92.63/kW/year, and the variable Operations and Maintenance Cost is 0.69 mills/kWh. According 491 
to MIT (2009) and Du and Person (2009), these costs were $56/kW/year and 0.42 mills, 492 
respectively. On the other hand, Sing, Sharma, and Kalra (2018), Bharadwaj et al. (2006) did not 493 

divide the operations and maintenance costs into the fixed and variable parts but instead calculated 494 
aggregate operations and maintenance costs. 495 

4.4 Fuel Cost 496 
One of the key benefits of an NPP is the low fuel cost compared to other electricity-generating 497 

facilities. According to Du and Person (2009) and MIT (2009), fuel cost is 0.67 $/MMBtu, where 498 
Singh, Sharma, and Kalra (2018). calculates this cost at 0.69 cents/kWh. Therefore, following Du 499 

and Person (2009) and MIT (2009), we collect the 2018 price of uranium from EIA, which is 0.68 500 
$/MMBtu, and use this price to estimate respective LCOE for India and Bangladesh  501 

4.5 Incremental Capital Cost (ICC) 502 
Incremental Capital Cost is calculated as operating cost following MIT (2003, 2009) and De Roo 503 

and Person (2009) model. This cost was added with decommissioning costs and discounted over 504 
time. In our study, we calculate the Incremental Cost as 1% of the overnight cost for India and 505 
Bangladesh, following MIT (2003,2009) and De Roo and Person (2009).  506 
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4.6 Tax Benefit of Depreciation  507 

We assume a seven-year construction schedule with two separate depreciation schedules for the 508 

two countries. Depreciation provides a tax shield; thus, calculating the depreciation schedule while 509 
estimating the LCOE is essential. MIT (2003, 2009) and Du and Person (2009) estimate a 15-year 510 
Modified Accelerated Cost Recovery System (MACRS) depreciation schedule while this study 511 
uses a 10% salvage value and the remaining 90% is distributed throughout the 60 years plant life 512 
of the NPP. In the case of Bangladesh, we estimate the rate of depression and schedule following 513 

the Bangladesh Power Development Board (2018) and Bangladesh Energy Regulatory Association 514 
(2016). Wee calculated a 3.28% depreciation rate for the first ten years, and from the 11th year 515 
until the 60th year, the remaining 90% is evenly distributed.5 In contrast, in the case of India, we 516 
directly follow the depreciation rate and the schedule given in Singh, Sharma, and Kalra (2018). 517 
According to them, a 5.28% rate is applicable for the first 12 years, and the remaining 90% is 518 

evenly distributed from the 13th year to the 60th year.  519 

4.7 Decommissioning Cost  520 
We estimate 10% of the overnight cost as the decommissioning cost for Bangladesh, following the 521 
World Nuclear Association (2020) due to the unavailability of real-life data. According to our 522 
estimation, the decommissioning cost is $527 million for Bangladesh. On the other hand, in the 523 
case of India, we follow Singh, Sharma, and Kalra (2018) to estimate the decommissioning cost at 524 
$340 million. We estimate a separate decommissioning cost because it primarily depends on 525 
country context, reactor type, and plant size (Singh, Sharma, and Kalra 2018). Therefore, in the 526 

context of India, this study follows Singh, Sharma, and Kalra (2018), which provides an estimation 527 
of approximately 10% of the overnight cost.    528 

4.8 Inflation Rate and Escalation Factors   529 

We estimate 6% for Bangladesh and India based on the last five years' inflation rate for these two 530 

countries. Most of the studies followed MIT (2003, 2009) and Du and Person (2009), using a 3% 531 
inflation rate; however, 3% inflation is not appropriate in real-life data in India and Bangladesh. 532 
On the other hand, following Singh, Sharma, and Kalra (2018), MIT (2003, 2009) Du and Person 533 

(2009), we assume 1% real escalation in O&M and 0.5% real escalation in fuel cost.  534 

4.9 Cost of Debt, Return on Equity, and Weighted Average of Capital  535 
A debt-equity ratio of 90/10 was agreed between Bangladesh, Rooppur NPP, and Russian company 536 
Rustom (World Nuclear Association, 2020). In contrast, following the Bangladesh Energy 537 

Regulatory Association (2016) estimation, we assume a return on equity of 20% and the cost of 538 
debt as 12.90% in the context of Bangladesh. Thus, combining these rates gives us a weighted 539 
average cost of capital (WACC) of 9.3%, which is used to estimate the project's after-tax cash 540 
flows to yield the net present value. On the other hand, in the case of India, we assume an 85/15 541 

debt-equity ratio according to their agreement with Rustom. Moreover, we calculate return on 542 
equity is 23.48%, and the cost of debt is 8%, following Singh, Sharma, and Kalra  (2018). Thus, it 543 
implies a WACC of 5.8% in the case of India's LCOE estimation.   544 

4.10 Income Tax 545 
MIT (2003, 2009) and Du and Person (2009) assume the income tax rate as 37% for the LCOE 546 
estimation. Furthermore, we follow Singh, Sharma, and Kalra (2018) in India and estimate a 547 

 
5 The 90% depreciation rate and 10% salvage value are estimated following both Bangladesh Energy Regulatory 

Association (2016) and Singh, Sharma, and Kalra (2018). In contrast the 10 year and 50-year schedule are following 

the depreciation schedule given in Bangladesh Energy Regulatory Association (2016).  
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33.99% income tax rate for NPP. We determine a 37.5% tax rate for Bangladesh Energy 548 

Regulatory Association (2016) guideline.  549 

4.11 External Cost 550 
Since Bangladesh has just started its first NPP, it incurs some external costs during its pre-551 
construction and construction phase. Therefore, we estimate an external cost of USD 187.5 million 552 
for Bangladesh while evaluating the LCOE based on different setup cost calculations.  553 

The following two Tables represent a year-wise construction schedule and the estimated cost 554 
parameters for the two countries (Table 4 & 5). The dataset is available in the repository of Harvard 555 
Dataverse at https://doi.org/10.7910/DVN/UGJCUW. This will help all the researchers and 556 

reviewers to replicate all the results used in the paper. 557 

(Table 4 and 5 go about here.) 558 

5. Interpretation of the Cost Estimation Result 559 
The tables and graphs discussed in this section are calculated using Du and Person's (2009) 560 
spreadsheet model of LCOE estimation. We first discuss the result of the base case analysis, 561 

following the discussion of the sensitivity analysis result. Our baseline cost model results suggest 562 
that the LCOE of Bangladesh is 9.35 US cents/kWh considering a 2400 MW capacity of Rooppur 563 

NPP. Our result is similar to the JICA's estimation of 9 US cents/kWh using the 2010 US dollar 564 
(Table 6). On the other hand, this cost is also identical to the findings of MIT (2003, 2009), Du 565 
and Person (2009). Therefore, it indicates that the LCOE in Bangladesh is at par with other 566 

countries in the World.  567 

(Table 6 goes about here.) 568 

Furthermore, we also examine the Kudankulam NPP of India, and the results indicate that for 2000 569 

MW capacity (which is the total capacity of Kudankulam 3 & 4), the LCOE is 5.36 cents/kWh. 570 

Therefore, our results clearly show that India's LCOE is lower than Bangladesh for several reasons. 571 
First, according to the agreement, the construction cost is more than double in Bangladesh 572 

compared to India. Further, Bangladesh incurs an additional external cost of USD 187.5 million. 573 
Bangladesh will establish its first NPP, so it faces a setup cost for different facilities, i.e., 574 
telecommunications, transportation, water line establishment, and gridline establishment. In 575 

contrast, Kudankulam 3 & 4 will be India's 25th and 26th nuclear power reactors. Figure 1 represents 576 
the percentage of key cost components in the LCOE estimation for Bangladesh and India. In the 577 
case of Bangladesh, the external cost has a 5% share in total LCOE estimation where the share of 578 

the capital cost is 76%, share of IDC and decommissioning cost is 3%, the share of non-fuel O & 579 
M cost is 7%, and combined share of fuel cost and the waste fee is 9% respectively. 580 

Meanwhile, in India, there is no external cost in percentage share of total LCOE estimation, where 581 
the capital cost share is 64%, the share of IDC and decommissioning cost together is 4%, the share 582 
of non-fuel O & M cost is 16%. The combined share of fuel cost and the waste fee is 16% 583 
accordingly. Therefore, it is evident that the share of external cost has a significant role in LCOE 584 

estimation in the case of Bangladesh.  585 

(Figure 1 goes about here) 586 

https://doi.org/10.7910/DVN/UGJCUW
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On the other hand, in the case of India, LCOE is pretty competitive and similar to the findings of 587 

Bharadwaj et al. (2006) and Bharadwaj et al. (2008). In contrast, Singh, Sharma, and Kalra (2018) 588 

estimated an exceptionally high LCOE for NPP in their recent study. This is because, in the case 589 
of India, our study considers 2000 MW (two units together) capacity with a given overnight cost 590 
according to the agreement with Rustom, Russia, while other studies assume a theoretical 1000 591 
MW capacity for one unit, for a range of overnight cost of $2000-$3000 KW. We calculate the 592 
actual per kW overnight cost according to the agreement between Russian Rustom and India. 593 

Therefore, we find a more competitive cost of NPP for India compared to other studies. Our overall 594 
result detects economics of scale in the production of nuclear power electricity in both Bangladesh 595 
and India.   596 

As discussed earlier, the LCOE of nuclear power is competitive with other energy sources, given 597 

the electricity market structure of Bangladesh. However, the literature suggests that carbon tax 598 

makes the LCOE of nuclear electricity competitive even in deregulated electricity markets (Du 599 

and Parson 2009; Kennedy 2013; Yu et al. 2020). Thus, if the Bangladesh government introduces 600 
a carbon tax on fossil fuel electricity production, the LCOE of nuclear energy will be more 601 
competitive under Bangladesh's centralized and regulated electricity market. 602 

In this context, it can be noted that the electricity market of Bangladesh, regulated centrally by the 603 
Ministry of Power, Energy, and Natural Resources (Asian Development Bank, 2020). The 604 

consumer side of the electricity market is represented by agricultural, residential, and industrial 605 
buyers. As mentioned earlier, the electricity demand has substantially increased in Bangladesh due 606 

to economic size, which indicates an expanding market. On the other hand, the supply side is fully 607 
controlled by the Government. Bangladesh Power Development Board (BPDB) produced a 608 
significant fraction of electricity and served as the single buyer in the electricity market (Mostafa 609 

et al., 2016). The Bangladesh Government also works with Independent Power Producer (IPP) to 610 

produce electricity through a public-private partnership. However, BPDB buys all the electricity 611 
from all the producers and has a monopoly over transmission and distribution. BPDB is the only 612 
retail supplier that supplies electricity to consumers. Thus, currently, nuclear will be a beneficial 613 

option for the Government compared to other electricity sources in production costs and energy 614 
security issues.  615 

6. Sensitivity Test Result 616 
Besides the base case estimation, we conducted a sensitivity analysis to examine the effect of 617 
uncertainty over different cost parameters in both countries. To examine the uncertainty of cost 618 
input parameters, we select overnight cost, fixed operation and maintenance cost, interest during 619 
construction, tax rate, inflation, and the weighted average cost of capital to deviate from its base 620 

value. For each variable, the upper limit and the lower limit are selected from various literature to 621 

get a broader picture of a wide range of uncertainties around the base values. It is important to note 622 

that the upper and lower limits may depend on the country's context. Thus, the following two tables 623 
represent each cost input parameter's upper and lower values with their base values and respective 624 
LCOE (Table 7 & 8). 625 

(Table 7 and 8 go about here.) 626 

Furthermore, Figures 2 & 3 show the result of the sensitivity analysis of LCOE for both 627 
Bangladesh and India.  628 

(Figures 2 and 3 go about here.) 629 
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Our results show that changes in inflation and WACC (which work as a discount rate in the 630 

analysis) have the highest impact on LCOE. The least significant impact is induced by fixed 631 

operation and maintenance costs. The pattern of the result is the same for both India and 632 
Bangladesh. Thus, our sensitivity analysis ensures that uncertainty around different cost 633 
parameters for the given LCOE estimation model causes the same effect on the LCOE of NPP.  634 
The absolute value change of LCOE may differ from one country to another, but the impact of 635 
percentage change is similar. For example, in India and Bangladesh, the highest effect is induced 636 

by the inflation rate followed by WACC, interest during construction, overnight cost, and fixed 637 
operation and maintenance cost.  In addition, it is crucial to recognize that overnight cost, WACC, 638 
tax rate, fixed operation, and maintenance cost have a positive relationship with LCOE. On the 639 
other hand, inflation has an inverse relationship with LCOE. Thus, the country with a higher 640 
inflation rate will have a lower LCOE and vice versa.  641 

(Figures  4 and 5  go about here) 642 

Figure 4 and 5 clearly shows that for every low and high value of cost parameters, how LCOE 643 
changes for both Bangladesh and India.  In the context of Bangladesh, the following result suggests 644 

that when WACC is 8% and 12 %, the LCOE is 7.40 cents/kWh and 14.81 cents/kWh, 645 
respectively. It induces a 7.41 cents/kWh change in LCOE, whereas for a 3% inflation rate, the 646 
LCOE is 15.78 cents/kWh, and for a 10% inflation rate, it is 4.45 cents kWh. Therefore, it shows 647 

that the impact of a change in the inflation rate is larger than any other factor. On the other hand, 648 
in Kudankulam, for 5% and 10% WACC, the LCOE is 3.43 cents/kWh and 7.46 cents/kWh, 649 

respectively. Moreover, for a 3% inflation rate, the LCOE is 8.78 cents/kWh, and for a 10% 650 
inflation, it is 3.05 cents/kWh.  651 

Finally, our sensitivity result shows that, due to a change in fixed operation and maintenance cost 652 

for Bangladesh and India, the absolute difference between the upper and lower values of LCOE is 653 
0.28 and 0.35, respectively. Therefore, it indicates that the operation and maintenance costs have 654 

the lowest impact on the LCOE of nuclear power estimation. A detailed simulation result for the 655 
two countries is also provided. 656 

(Appendix Tables A2 and A3 go about here) 657 

7. Relevance for the Estimated Cost 658 
The findings of our study are highly relevant in the context of the electricity sector of Bangladesh. 659 

No study so far has calculated the LCOE of electricity for any fuel in Bangladesh. Table 9 660 
represents the per kWh generation cost of electricity from different sources owned by the public 661 
power plant in 2018-2019 (Bangladesh Power Development Board 2020) and the electricity 662 
purchase cost for Bangladesh Power Development Board year 2018-19.  663 

(Table 9 goes about here.) 664 

It shows that wind-generated electricity has the highest generation cost, where the lowest costs are 665 
for hydroelectricity power generation. The costs are BDT 81.88/kWh and BDT 1.00/kWh, 666 
respectively. The table, additionally, shows the cost of electricity generation using gas, coal, heavy 667 

fuel oil (HFO), high-speed diesel (HSD), and solar. The purchase cost per kWh may vary 668 
depending on the ownership of the plant. According to the table, the lowest purchase cost is for 669 
IPP & SIPP-owned power plants for gas-generated electricity. The highest purchase cost is for 670 

HSD-generated electricity purchased from rental and quick rental. These costs are BDT 2.47/kWh 671 
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and BDT 27.46/kWh, respectively. Bangladesh Power Development Board buys electricity from 672 

these producers at their prices and supplies them to different consumers using various tariff rates.  673 

In addition, the Bangladesh government utilizes different electricity tariff rates for different 674 
consumer groups (Table 10).  675 

(Table 10 goes about here.) 676 

The rates indicate that the Bangladesh Government follows a discriminatory price policy based on 677 
the need of consumers. The lowest tariff rate applies to agricultural customers (BDT 4.16/kWh), 678 

whereas office and commercial consumers pay the highest tariff rate (BDT 10.30 /kWh). There is 679 
a marginal pricing system for a different set of consumption units; thus, this study calculates a flat 680 
average tariff rate of BDT 7.90 /kWh for this group of consumers. We can understand that the 681 
Bangladesh government heavily subsidizes the electricity sector operating at two stages. First, the 682 

Government subsidizes the production cost of electricity and provides further subsidies while 683 
supplying the electricity to different consumer groups. Therefore, the consumers are paying a tariff 684 
lower than the actual production cost of electricity.  685 

Consequently, the policy implication of LCOE analysis is crucial for Bangladesh. Our findings 686 
suggest that the LCOE of Bangladesh is BDT 7.94/kWh. Hence, if the Government can sell the 687 
electricity above this price, it will earn a profit. The Government may yield a lower return to capital 688 
or incur a loss if the Government sells electricity below this threshold level. Therefore, nuclear 689 
power can be considered cost-competitive if hydroelectric and gas production costs are lower than 690 
nuclear (Table 9). However, it is essential to note that per-unit production cost and LCOE follow 691 

different estimation techniques. LCOE estimates discounted revenue and cost considering the plant 692 
lifetime. Hence, the actual per-unit production cost will be much lower than the LCOE estimation. 693 

Even though we consider the LCOE of nuclear, it is still lower than imported coal, solar, HFO, 694 

HSD, and wind production cost. Thus, it is evident that nuclear will be more beneficial compared 695 

to all other sources. It is also important to note that gas is a depletable resource in Bangladesh and 696 
hydroelectricity is not a feasible option due to the characteristics of rivers of the country. 697 

Moreover, coal emits high levels of CO2, whereas nuclear power has zero carbon emissions. Power 698 

generation through wind is an expensive option among renewables, which exhibits BDT 699 
81.88/kWh production cost, whereas solar is a reasonable option. However, nuclear has baseload 700 

power generation that ensures uninterrupted electricity supply, whereas solar production does not 701 
ensure an uninterrupted electricity supply since it is highly dependent on weather conditions.  702 

Finally, the subsidy amount will also be smaller than other electricity sources if we consider the 703 
tariff rate. Therefore, in Bangladesh, nuclear power is a viable energy option to have in the energy 704 
basket. Our results suggest that introducing nuclear power will increase our electricity supply at a 705 

competitive cost. Even when we compare our LCOE with India, we notice that Bangladesh may 706 
have higher LCOE, but this is because Rooppur NPP is the first nuclear power plant, and we are 707 
facing an external cost of US$187.5 million because of that. Thus, in the future, it may become 708 
more cost-efficient compared to India. 709 

Furthermore, it is an excellent option to produce electricity in a cost-competitive manner within 710 
the country's context. This study finds nuclear power to be an effective viable option for energy 711 
diversification, and it should be included in the energy basket of Bangladesh in the long run. 712 



19 
 

Nuclear power will provide sufficient energy security and diversification, along with zero carbon 713 

emissions in Bangladesh.   714 

8. Conclusion and Policy Implications 715 
In Bangladesh, the increasing electricity demand is triggered by the growing size of the economy 716 
and its transformation to modernization. According to the Bangladesh government's calculation, 717 
access to electricity is 90%, while, according to World Development Indicator, in 2018, 85% of 718 
the population had access to electricity. Therefore, 10%-15% of the population is deprived of 719 

electricity facilities. Bangladesh's Government needs to establish an uninterrupted diversified 720 
power supply system to ensure 100% access to electricity and meet the growing demand for 721 
industrial activities. As mentioned earlier, it is also vital to reduce the dependence on natural gas 722 
and oil-based electricity due to the depletion of resources and the negative environmental impact. 723 
Furthermore, along with coal and solar power, nuclear power plays a vital role in Bangladesh 724 

Government's power supply master plan. The Bangladesh government believes the Rooppur mega 725 
project will maintain a secure power supply and reduce CO2 emissions at a lower operating cost.  726 

However, there is an increasing concern about the enormous amount construction cost of nuclear 727 
power. In Bangladesh, the cost of producing electricity is always higher than the price of 728 
electricity. According to Bangladesh Government, in the last ten years, the amount of subsidy 729 
given to the power sector was equal to BDT 522.6 billion due to higher production costs and lower 730 
selling price of electricity. Therefore, it is also critical to ensure an affordable production cost of 731 
electricity to minimize the subsidy burden. Hence, it is crucial to understand the economics of 732 

nuclear power in Bangladesh, examining the Levelized Cost of Electricity from nuclear power 733 
plants using a standard Levelized cost-based financial model. In this paper, we have made the 734 

noble attempt to conduct a thorough economic cost analysis of setting up the first nuclear power 735 

plant at Rooppur in Bangladesh by using the unique discounted present value method developed 736 

by Du & Parson (2009), MIT (2003; 2009; 2018), and Singh, Sharma, and Kalra (2018). This paper 737 
did it uniquely in Bangladesh, soon becoming another nuclear power in South Asia after India and 738 

Pakistan. 739 

We compared the Levelized cost of Bangladesh with India to examine the broader picture of 740 
nuclear power-generated electricity. This study develops this Model, including all the vital cost 741 

parameters, i.e., overnight cost, decommissioning cost, operating cost, and financial components 742 
such as interest during construction, incremental capital cost, cost debt, and the weighted average 743 
cost of capital, depreciation cost, tax rate, and others. Our assumption regarding various input 744 
parameters is based on a detailed literature review and country-specific contexts. The base case 745 
estimation suggests that the LCOE of Rooppur NPP is 9.36 US Cents/kWh or BDT 7.94 per kWh 746 

(with an exchange rate of $1=BDT 84.877, which is 0.84877*9.36=7.94). The LCOE of 747 

Kudankulam India is 5.36 US Cents/kWh or 3.93 Indian Rupee/kWh (with an exchange rate of 748 

$1= 73.4 Indian Rupee which is 0.734*5.36=3.93). 749 

Along with base case estimation, this study conducts a sensitivity analysis on key input parameters. 750 

We use a range of values around the base values of key input parameters to see the impact on 751 
LCOE estimations. Our results suggest that the inflation rate, the weighted average cost of capital, 752 
and IDC significantly impact LCOE.  753 

Following the findings, this paper strongly suggests that nuclear power is a worthwhile option for 754 
electricity production in Bangladesh, considering energy security, diversifications of energy 755 
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basket, zero carbon emission, and cost competitiveness. In the future, if solar and other renewables 756 

become more cost-competitive, these may compete with nuclear power. However, nuclear power 757 

will still be appealing even comparing renewables because of its baseload power generation. The 758 
drawback of nuclear in Bangladesh is its high risk of accidents, which will induce a considerable 759 
cost with a significant level of health hazard. Furthermore, without foreign investment, it will be 760 
hard for the Bangladesh government to bear the construction cost of nuclear power and 761 
technological support.  Nevertheless, the latest technology ensures the minimum risk of nuclear 762 

accidents.  Thus, if Bangladesh Government can ensure foreign investment to build nuclear power 763 
plants, it may become an attractive option to produce electricity.  764 

Moreover, the Bangladesh government plans to diversify its power generation to meet low-cost 765 
fuel and low carbon emission criteria. Therefore, according to the eighth 5-year plan, the 766 

Bangladesh government has revised its nuclear-produced electricity target. Currently, The 767 

Government plans to produce 14% of power from nuclear sources in 2031 and 12% in 2041 768 

(Moazzem & Shibly, 2021). Furthermore, the Bangladesh government has taken various initiatives 769 
in the 8th 5-year plan to achieve green growth under environmental and climate change strategies. 770 
The Government plans to introduce an emission accounting strategy that will make the polluters 771 
bound to pay (GED, 2020). The Government also has a plan for decarbonatization or a policy of a 772 
low carbon economy. Thus, the Government has a target for low fossil-fuel use along with low-773 
greenhouse gas emissions. Therefore, if the Government can implement these plans and introduce 774 
a carbon tax in Bangladesh, nuclear will be a better option than other fossil fuel alternatives for 775 

baseload uninterrupted power supply. Meanwhile, as a part of reducing CO2 emission, the 776 
Government also has a plan to increase the share of renewable use, which may work as a constraint 777 

to nuclear expansion. However, as discussed earlier in developing countries, renewable energy 778 
may not suppress the demand for nuclear electricity due to baseload uninterrupted power supply.   779 

The electricity market of Bangladesh is highly regulated and centralized by the Ministry of Power 780 
and Bangladesh Power Development Board (BPDB). Hence, as only transmitter and distributor 781 
and supplier of electricity, nuclear electricity may be a good option in the short run. In the long 782 

run, deregulation and privatization of the power sector may take place. At that stage, carbon tax 783 
and other environmental regulations may make nuclear a profitable option compared to other 784 

electricity sources. Furthermore, nuclear technology requires highly skilled workers. Currently, 785 
Bangladesh entirely depends on Russian technological support. Hence, in the short run, this 786 
intuitional setup may work well. However, in the long run, if Government wants to expand its 787 
nuclear production, it should arrange full technological support and necessary training facilities 788 
for skilled workers at the domestic level.    789 

This study only estimates the LCOE of nuclear power in the context of Rooppur, Bangladesh, and 790 

Kudankulam, India, then compares them.  Further research may explore the LCOE of other vital 791 
sources of electricity production in Bangladesh, such as coal, solar, HFO, HSD, and others. That 792 
will provide a complete picture of the cost of producing electricity in terms of LCOE in Bangladesh 793 

and help policymakers set their future energy policy and electricity production targets.  794 

 795 

 796 

 797 
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 798 

Data Availability: The data set is available at Harvard Dataverse: 799 
https://doi.org/10.7910/DVN/UGJCUW 800 
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 924 

Tables (1-10) 925 

Table 1. Nuclear Energy and other Alternative Use as a percent of Total Energy Use  926 

  

Country 2010 2011 2012 2013 2014 2015 

Bangladesh 0.17 0.20 0.17 0.22 0.15 .. 

China 3.51 3.52 4.09 4.53 5.11 .. 

India 2.35 2.70 2.53 2.72 2.67 .. 

Japan 16.66 7.52 2.65 2.43 2.22 3.09 

Pakistan 3.68 3.92 3.74 4.00 4.03 .. 

United States 11.34 11.57 11.45 11.68 11.68 11.87 

United Kingdom 8.83 10.81 10.91 11.43 11.58 13.12 

 927 

Source: World Development Indicator (2020)  928 

 929 

 930 

 931 
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 932 

 933 

 934 

 935 

 936 

 937 

 938 

 939 

 940 

 941 

 942 

 943 

 944 

 945 

 946 

 947 

Table 2. Per Capita Electric Power Consumption kWh and Access to Electricity as % of population 948 

  Electric Power Consumption (kWh per capita) 

Country 2010 2011 2012 2013 2014 

Bangladesh 247.26 265.64 283.46 301.96 320.20 

China 2943.59 3298.00 3474.99 3773.41 3927.04 

India 640.39 696.84 723.24 764.20 804.51 

Japan 8594.91 8099.60 7998.35 7988.58 7819.71 

Pakistan 442.18 432.58 427.85 457.81 447.50 

United States 13395.14 13247.01 12966.12 13006.75 12997.45 

United Kingdom 5700.86 5471.93 5449.26 5409.63 5130.39 

 Access to electricity (% of population) 

 2014 2015 2016 2017 2018 

Bangladesh 62.40 73.13 75.92 88.00 85.16 

China 100.00 100.00 100.00 100.00 100.00 

India 83.53 88.00 89.67 92.60 95.24 

Japan 100.00 100.00 100.00 100.00 100.00 

Pakistan 70.99 71.20 71.41 70.79 71.09 
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United States 100.00 100.00 100.00 100.00 100.00 

United Kingdom 100.00 100.00 100.00 100.00 100.00 

Source: World Development Indicator (2020)  949 

 950 

 951 

 952 

 953 

 954 

 955 

 956 

 957 

 958 

 959 

 960 

 961 

 962 

 963 

Table 3. Electricity Production from Different Alternative Sources 964 

  Electricity Production from Oil, Gas and Coal Sources (% of total) 

Country                   2011               2012          2013                2014                   2015 

Bangladesh 98.03 98.40 98.05 98.68 98.77 

China 81.17 77.86 77.42 74.82 72.96 

India 79.63 81.29 79.72 80.90 81.89 

Japan 73.83 81.15 81.60 82.79 80.26 

Pakistan 64.47 64.20 64.10 63.47 63.09 

United States 68.42 68.86 67.82 67.46 67.08 

United Kingdom 71.07 68.47 64.59 60.97 53.18 

 Electricity Production from Renewable Sources, Excluding Hydroelectric (% of total) 

                      2011                  2012             2013                 2014                    2015 

Bangladesh 0.00 0.00 0.26 0.27 0.27 

China 2.14 2.66 3.56 4.06 4.86 

India 3.95 4.64 4.96 5.17 5.36 

Japan 3.72 4.05 4.83 6.30 7.76 

Pakistan 0.00 0.00 0.38 0.75 0.76 

United States 4.79 5.49 6.32 6.90 7.39 
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United Kingdom 7.93 9.96 13.67 17.51 22.97 

 Electricity Production from Hydroelectric Sources (% of total) 

 2011 2012 2013 2014 2015 

Bangladesh 1.97 1.60 1.68 1.05 0.96 

China 14.62 17.31 16.73 18.55 19.07 

India 13.36 11.09 12.39 11.08 9.98 

Japan 7.74 7.14 7.37 7.76 8.23 

Pakistan 29.99 31.06 30.62 30.35 30.67 

United States 7.44 6.52 6.32 6.05 5.84 

United Kingdom 1.56 1.47 1.32 1.76 1.87 

 Electricity Production from Nuclear Sources (% of total) 

                        2011                   2012              2013                    2014                   2015 

Bangladesh 0 0 0 0 .. 

China 1.84 1.95 2.05 2.34 .. 

India 3.00 2.93 2.87 2.79 .. 

Japan 9.47 1.51 0.88 0.00 0.91 

Pakistan 5.54 4.74 4.89 4.76 .. 

United States 18.98 18.76 19.17 19.23 19.32 

United Kingdom 18.96 19.56 19.86 19.01 20.91 

 965 

Source: World Development Indicator (2020)  966 

 967 

Table 4. The Base Case Input Parameters for Bangladesh 968 
 

 Input Units   Nuclear 
 

      

 [1] Capacity MW   2,400 

 [2] Capacity Factor   85% 

 [3] Heat rate Btu/kWh  10,400 

 [4] Overnight Cost $/kW  5,271 

 [5] 

Interest During 

Construction (IDC) $/kW/year 2108.40 

 [6] Incremental capital cost $/kW/year 51.71 

 [7] Fixed O&M Costs $/kW/year 91.45 

 [8] Variable O&M Costs mills/kWh 0.69 

 [9] Fuel Costs $/MMBtu  0.68 

 [10] Waste fee $/kWh  0.001 

 [11] Decommissioning cost $ million  527 

 [12] Inflation Rate   6.0% 

 [13] O&M real escalation   1.0% 

 [14] Fuel real escalation   0.5% 

 [15] Tax Rate   37.5% 

 [16] Debt fraction   90% 

 [17] Debt rate   12.90% 

 [18] Equity rate   20% 
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 [19] WACC (weighted avg cost of capital)  9.26% 

 [20] Construction Schedule    

   Year-7   0% 

   Year-6   6% 

   Year -5   10% 

   Year -4   20% 

   Year -3   20% 

   Year -2   25% 

   Year -1   10% 

   Year 0   9% 

 [21] Depreciation Schedule     

    Year 1     3.20% 

Source: Authors’ calculation 969 

 970 

 971 

 972 

 973 

 974 

 975 

 976 

 977 

Table 5. The Base Case Input Parameters for India 978 

  Input Units   Nuclear 
 

      

 [1] Capacity MW   2,000 

 [2] Capacity Factor   85% 

 [3] Heat rate Btu/kWh  10,400 

 [4] Overnight Cost $/kW  3125 

 [5] 

Interest During 

Construction (IDC) $/kW/year 1250 

 [6] Incremental capital cost $/kW/year 31.25 

 [7] Fixed O&M Costs $/kW/year 91.45 

 [8] Variable O&M Costs mills/kWh 0.69 

 [9] Fuel Costs $/MMBtu  0.68 

 [10] Waste fee $/kWh  0.001 

 [11] Decommissioning cost $ million  340 

 [12] Inflation Rate   6.0% 

 [13] O&M real escalation   1.0% 

 [14] Fuel real escalation   0.5% 

 [15] Tax Rate   34% 

 [16] Debt fraction   85% 

 [17] Debt rate   8% 

 [18] Equity rate   23% 

 [19] WACC (weighted avg cost of capital)  7.94% 
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 [20] Construction Schedule    

   Year-7   0% 

   Year-6   6% 

   Year -5   10% 

   Year -4   20% 

   Year -3   20% 

   Year -2   25% 

   Year -1   10% 

   Year 0   9% 

 [21] Depreciation Schedule     

    Year 1     5.28% 

Source: Authors' calculation 979 

 980 

 981 

 982 

 983 

 984 

 985 

 986 

 987 

 988 

Table 6. Comparison of LCOE for Bangladesh Rooppur NPP and Kudankulam NPP  989 
 990 

   The Capacity of Power Plant 

Country  2400 MW    
Bangladesh LCOE US Cent/kWh 9.36 Cents/kWh    

  

 

The capacity of Power Plant 

India LCOE US Cent/kWh 2000 MW   
 

 5.34 Cents/kWh    

Source: Authors' compilation  
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 998 

 999 

 1000 

 1001 

 1002 

 1003 

 1004 

 1005 

 1006 

 1007 

 1008 

 1009 

 1010 

 1011 

 1012 

 1013 

Table 7. The Result of Sensitivity Analysis for Bangladesh 1014 

  Overnight Cost LCOE 

baseline 5271.00 9.35 

lower 3000.00 8.57 

upper 6000.00 9.60 

 

Interest During 

Construction LCOE 

baseline 2108.40 9.35 

lower 1687.00 7.35 

upper 2531.00 10.01 

 Fixed O & M Cost LCOE 

baseline 91.45 9.35 

lower 73.16 9.21 

upper 110.35 9.49 

 Inflation LCOE 

baseline 6.00% 9.35 

lower 3.00% 15.78 

upper 10.00% 4.38 

 Tax Rate LCOE 

baseline 37.50% 13.87 

lower 30.00% 8.56 

upper 45.00% 10.35 
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 WACC LCOE 

baseline 9.26% 9.35 

lower 8.0% 7.40 

upper 12.0% 14.81 

Source: Authors' calculation 1015 

 1016 

 1017 

 1018 

 1019 

 1020 

 1021 

 1022 

 1023 

 1024 

 1025 

Table 8. The Result of Sensitivity Analysis for Bangladesh 1026 

  Overnight Cost        LCOE 

baseline 3125.00 5.36 

lower 2000.00 5.05 

upper 4000.00 5.59 

Variable 

Interest During 

Construction  
baseline 1250.00 5.36 

lower 787.50 4.40 

upper 1417.00 5.70 

Variable Fixed O and M Cost   
baseline 91.45 5.36 

lower 73.16 5.18 

upper 110.35 5.53 

Variable Inflation  
baseline 6.00% 5.36 

lower 3.00% 8.78 

upper 10.00% 3.05 

Variable Tax Rate  
baseline 34.00% 5.36 
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lower 30.00% 5.17 

upper 45.00% 6.01 

Variable WACC  
baseline 7.94% 5.36 

lower 5.00% 3.43 

upper 10.00% 7.46 

Source: Authors' calculation 1027 

 1028 

 1029 

 1030 

 1031 

 1032 

 1033 

 1034 

Table 9. Generation Cost and Purchase Cost of Electricity by Fuel Source (BDT/kWh) 1035 

Source of Fuel Generation cost Tk/kWh (2018-2019) * 

Purchase Cost Tk/kWh (2018-

2019) 

Domestic Gas 

2.57 

 

 

2.47**  

2.62*** 

4.22****  

HSD 

26.00 

20.59** 

18.02 *** 

27.46 ****  

Imported Coal 8.10 N/A 

Domestic Coal 6.00 N/A 

Wind 81.88 N/A 

Solar 12.00 16.4** 

Imported Power 6.48 N/A 

Hydro  1.00 N/A 

HFO 17.00 

10.38** 

13.26*** 

  11.20**** 

Source: Compilation by authors from Bangladesh Power Development Board 

(BPDB 2020) and eight 5-year Plan Bangladesh 2021  
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Notes 

* All the generation cost is based on Rates from Public Plant owned by BPDB  

**From Independent Power Producer (IPP) & Small Independent Power 

Producer (SIPP) 

***From Sub Public Plant 

**** From Rental & Quick Rental 

 1036 

 1037 

 1038 

 1039 

 1040 

 1041 

 1042 

 1043 

 1044 

 1045 

 1046 

 1047 

Table 10. Tariff Rates by Different Consumer Categories (BDT/kWh) *** 1048 

Tariff  Flat Rate 

Residential  7.90* 

Agricultural  4.16 

Small Industries 8.53** 

Non-Residential  7.70 

Commercial and Office  10.30** 

Source: * This flat rate is the average rate calculated by the authors 

** Flat tariff rate is considered.  

*** All are based on low tension 230/400 volt.  1049 
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Figures (1-5) 1072 
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 1074 

Figure 1. Percentage Distribution of the Key Cost Components in LCOE Estimation in Bangladesh and India 1075 

Source: Own calculation from the model data 1076 
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 1091 

Figure 2. Tornado Diagram for LCOE of Bangladesh 1092 

Source: Authors' calculation 1093 
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 1101 

Figure 3. Tornado Diagram for LCOE of India 1102 

Source: Authors' calculation 1103 
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 1105 

Figure 4. Levelized Cost of Nuclear Power Plant in Bangladesh for different scenarios of High and Low-Cost 1106 
Parameters   1107 

Source: Own calculation from the model data 1108 
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 1110 

Figure 5. Levelized Cost of Nuclear Power Plant in India for different scenarios of High and Low-Cost Parameters   1111 

Source: Own calculation from the model data 1112 
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Appendix Tables (A1-A3) 1120 

 1121 

A1. Summary Table for Literature Review Table on Different Methods of Cost Estimation Techniques  1122 

Authors  Brief Description Methodology 

Wealer et al. (2019) They argue that the NPP was never an 

economically viable option to produce 

electricity. Historically, NPP has higher 

construction costs than its fossil-fuel 

counterparts, i.e., coal and natural gas. Moreover, 

it is still not cost-competitive with a new 

advanced nuclear reactor system either with 

renewables or fossil-fuel-based electricity. 

Therefore, this study analyzes the private 

investors' perspective on generic Gen III/III+ 

reactors with 1600 MW capacity, based on data 

from Europe and the USA. The study results 

suggest that due to a negative NPV and high 

LCOE, a private investor cannot invest in nuclear 

power compared to other electricity production 

options. It is noted that this study does not 

include data from China and Russia due to the 

unavailability of data in those countries. 

 

 

Monte Carlo Estimation Method  

.    

Rothwell (2006) The author used a real option-based analysis to 

examine the prospect of a newly established 

NPP. This study attempted to determine a risk 

premium based on the net revenue uncertainty. It 

identifies that the net revenue (revenue before the 

payment of construction expenditure) is 

associated with three risks: price risk, output risk, 

and cost risk in a deregulated electricity market. 

This study measures the risks and determines 

how each of the risks individually and jointly 

influences the risk-adjusted cost of capital. 

 

Real Option Based Estimation 

Method.  

MIT (2003) Introduced the standard LCOE based analysis for 

nuclear power generation. This study introduces 

a standard and detailed Levelized Cost (LCOE) 

model for electricity generation from nuclear 

power, using different cost parameters. This 

study calculates the LCOE of a hypothetical 1000 

MW nuclear power plant, compares it with 1000 

MW coal and natural gas power plants, and 

examines the cost competitiveness of NPPs. 

Findings suggest that nuclear power is not cost-

competitive in a deregulated electricity market 

than other fossil fuel alternatives. Similarly, 

according to this study, the LCOE of nuclear 

power, coal, and natural gas are 6.7 US 

Levelized Cost of Electricity 

(LCOE) based method.  
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Authors  Brief Description Methodology 

Cents/kWh, 4.2 US cents/kWh, and 3.8 US 

cents/kWh, respectively. 

 

MIT(2009) Updated the assumptions and cost parameters of 

MIT 2003 based on the updated context. 

Conclude that nuclear power may be no more 

viable option for electricity generation, even 

considering the zero-carbon emission. Thus, it is 

crucial to take all the recommendations made by 

MIT (2003) to build nuclear power as a 

beneficial option for electricity generation. 

 

Levelized Cost of Electricity 

(LCOE) based method 

Du and Parson (2009) Updated all the cost parameters of MIT (2003) 

based on the change in construction cost. MIT 

(2003) consider the 2002 price level, where this 

current study uses the 2007 price level. In 

addition to nuclear power plant cost updates, coal 

and natural gas cost parameter are also updated. 

The overall result suggested that in the case of 

the nuclear plant, the capital cost of construction 

got doubled. Hence, the LCOE of nuclear power 

plants increases. In addition to that, the LCOE of 

the coal power plant and the LCOE of the natural 

gas power plant also increase from MIT (2003) 

level. Compared to MIT (2003), now the LCOE 

jumps to 8.4 cents/KWh, and coal is 6.2 

cents/KWh, and natural gas is 6.5 cents/kWh.  

 

Levelized Cost of Electricity 

(LCOE) based method 

De Roo and Parsons (2011) Examine the LCOE for three different types of 

fuel cycle: once through the cycle, twice through 

the cycle and fast reactor cycle. The findings 

suggest that LCOE is higher from a once-through 

fuel cycle from twice through fuel cycle as twice 

through cycle involves recycling fuel. Thus, 

recycling cost raises the LCOE as one additional 

cost parameter is being added with it. Further, 

they introduce the concept of equilibrium cost for 

a fast reactor cycle. The equilibrium cost is when 

"all reactors in a given fuel cycle scheme operate 

at constant power and that all mass flows have 

reached an equilibrium." The critical difference 

between equilibrium cost and LCOE is that 

equilibrium cost is calculated concerning the 

time dimension. In contrast, LCOE is the average 

cost of electricity production throughout the 

lifetime of a plant. Therefore, the equilibrium 

cost is higher than the LCOE.  

 

Levelized Cost of Electricity 

(LCOE) based method 

MIT (2018) Attempts to examine the future of nuclear power 

in decarbonizing the electricity sector. This study 

exclusively focuses on new generation nuclear 

reactors and their cost estimation, where MIT 

(2003) and MIT (2009) focus on Pressurized 

Heavy Water (PWR) based technology. It 

provides several recommendations to improve 

nuclear power's cost competitiveness, as due to 

high-cost constraints, the various benefits of 

nuclear power are often ignored. It is suggested 

Levelized Cost of Electricity 

(LCOE) based method. 
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Authors  Brief Description Methodology 

that a shift from a previous light water reactor or 

heavy water reactor to a new generation IV rector 

is expected to reduce cost, introduce appropriate 

CO2 emission policies that will make nuclear 

power competitive, and raise public awareness 

about the benefits of nuclear energy. 

 

Singh, Sharma, and Kalra (2018) Examine the Levelized Cost of Electricity 

produced from light water nuclear reactor 

technology in India. This article considers 

Indian-specific values for taxes, depreciation, 

and returns on equity. Furthermore, this study 

develops alternative scenarios for overnight 

costs, fuel costs, operation and maintenance 

(O&M) costs, cost of debt, discount rate, and 

return on equity. In addition to that, this article 

builds a financial model to calculate the 

Levelized Cost of Electricity based on the present 

value of total costs and the discounted value of 

the total quantity of electricity produced over the 

plant's lifetime. Finally, this study used a once-

through cycle and twice-through cycle option for 

light water technology. According to their 

findings, these two options will cost 13.93 cents 

per kWh and 14.13 cents per kWh, respectively. 

 

Levelized Cost of Electricity 

(LCOE) based method. 

Islam & Bhuiyan (2020) Used Financial Analysis of Electric Sector 

Expansion Plans (FINPLAN) modeling 

according to International Atomic Energy 

Agency (IAEA) 2018, to estimate Levelized unit 

electricity cost (LUEC), Net present value 

(NPV), Internal rate of return (IRR), and Payback 

period (PBP) for nine different cases. According 

to their study, the Levelized Cost of electricity 

ranges from 43.8 to 82.5$/MWh for Rooppur 

NPP. 

Financial Analysis of Electric 

Sector Expansion Plans 

(FINPLAN) Model to calculate 

Levelized unit electricity cost 

(LUEC).  

Source: Own compilation 1123 
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A2. Detailed Simulation Table for Bangladesh 1124 

 Cost Input Current 

Values 

Low 

Overnight 

Cost 

High 

Overnight 

Cost 

Low 

IDC 

High 

IDC 

Low O 

& M 

Cost 

High 

O & M 

Cost 

Low 

Inflation 

High 

Inflation 

Low 

Tax 

High 

Tax 

Low 

WACC 

High 

WACC  

Overnight Cost 5,271 3,000 6,000 5,271 5,271 5,271 5,271 5,271 5,271 5,271 5,271 5,271 5,271 

IDC 2,108 2,108 2,108 1,318 2,371 2,108 2,108 2,108 2,108 2,108 2,108 2,108 2,108 

O & M Cost 91.45 91.45 91.45 91.45 91.45 73.16 110.35 91.45 91.45 91.45 91.45 91.45 91.45 

Inflation 6.0% 6.0% 6.0% 6.0% 6.0% 6.0% 6.0% 3.0% 10.0% 6.0% 6.0% 6.0% 6.0% 

Tax 37.5% 37.5% 37.5% 37.5% 37.5% 37.5% 37.5% 37.5% 37.5% 30.0% 45.0% 37.5% 37.5% 

WACC 9.26% 9.26% 9.26% 9.26% 9.26% 9.26% 9.26% 9.26% 9.26% 9.26% 9.26% 8.00% 12.00% 

Result 9.35 8.57 9.60 7.35 10.01 9.21 9.49 15.78 4.45 8.56 10.35 7.40 14.81 

Note: Highlighted cells in bold indicate the simulations of high and low values for the respective variable.  1125 

 1126 

A3. Detailed Simulation Table for India 1127 

 Cost Input Current 

Values 

Low 

Overnight 

Cost 

High 

Overnight 

Cost 

Low 

IDC 

High 

IDC 

Low O 

& M 

Cost 

High 

O & M 

Cost 

Low 

Inflation 

High 

Inflation 

Low 

Tax 

High 

Tax 

Low 

WACC 

High 

WACC  

Overnight Cost 3,125 2,000 4,000 3,125 3,125 3,125 3,125 3,125 3,125 3,125 3,125 3,125 3,125 

IDC 1,250 1,250 1,250 788 1,418 1,250 1,250 1,250 1,250 1,250 1,250 1,250 1,250 

O & M Cost 91.45 91.45 91.45 91.45 91.45 73.16 110.35 91.45 91.45 91.45 91.45 91.45 91.45 

Inflation 6.0% 6.0% 6.0% 6.0% 6.0% 6.0% 6.0% 3.0% 10.0% 6.0% 6.0% 6.0% 6.0% 

Tax 34.0% 34.0% 34.0% 34.0% 34.0% 34.0% 34.0% 34.0% 34.0% 30.0% 45.0% 34.0% 34.0% 

WACC 7.94% 7.94% 7.94% 7.94% 7.94% 7.94% 7.94% 7.94% 7.94% 7.94% 7.94% 5.00% 10.00% 

Result 5.36 5.05 5.59 4.40 5.70 5.18 5.53 8.78 3.05 5.17 6.01 3.43 7.46 

Note: Highlighted cells in bold indicate the simulations of high and low values for the respective variable. 1128 


