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Abstract
Bangladesh government is in the final stage of setting up one nuclear power plant with two units at Rooppur, Ishwardi, each 
having 1200 MW capacity, to be launched in 2023 to meet the energy shortage urgently. The financial cost of the project is 
the US $12.65 billion. The primary purpose of this paper is to calculate the economic cost of setting up this plant by using 
the estimation method developed by Du and Parsons (2009), MIT (2003; 2009; 2018), and Singh et al.  (2018). It has been 
found that the economic cost is amounted to 9.36 cents/kWh for the capacity of 2400 MW. In contrast, for a similar plant 
in Kudankulam, Tamil Nadu, India, the corresponding cost figure is 5.36 cents/kWh for 2000 MW. Even though it seems 
costlier than India, the study suggests that policymakers should prefer nuclear power, as it is cost-competitive, considering 
the production cost of other electricity facilities. The main advantage of nuclear power is cost-competitive baseload power 
generation with zero carbon emission. This nuclear power plant (NPP) project is expected to boost the energy sector of 
Bangladesh by transforming the country from an energy deficit country into an energy surplus country.
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Highlights
• Bangladesh government is setting up two units of nuclear 

power plants in Rooppur with 1200 MW capacity each for the first 
time in its history.

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

• This paper attempts to assess the broader economic cost 
of setting up this plant at Rooppur, Bangladesh, by using the 
discounted present value method developed by Du and Parsons 
(2009), MIT (2003; 2009; 2018), and Singh et al. (2018).

• The levelized cost of electricity (LCOE) has been estimated 
to be 9.36 cents/kWh, whereas the rate is 5.34 cents/kWh for a 
similar plant of Kudankulam Tamil Nadu, India.

• In terms of Bangladeshi currency, the LCOE is amounted 
to BDT 7.94/kWh. Hence, if the government can sell the 
electricity above this price, the project will be economically viable 
or profitable.
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Introduction

In 2018, Bangladesh fulfilled the eligibility criterion for 
graduation from least developed country (LDC) list. Bangla-
desh’s government has a target to reach the status of a high-
income country by 2041, which will increase the demand for 
electricity in the industrial sector substantially in years to 
come (Ministry of Power 2016). Therefore, adequate energy 
supply in general and specifically electricity supply will be 
instrumental in ensuring the country’s economic progress 
in the coming decades. Currently, Bangladesh is producing 
electricity mainly by utilizing natural gas, but the diminution 
in natural gas production is a significant concern for future 
electricity supply. Furthermore, the current demand–sup-
ply gap in the electricity sector is another major cause of 
concern. According to the Bangladesh Power Development 
Board, per capita electricity generation in Bangladesh is 484 
kWh (including captive production), where 90% (including 
the off-grid renewables) of the population have access to 
electricity (Hydrocarbon Unit, Ministry of Power, 2019). 
However, the World Development Indicator (2019) esti-
mated that 15% of the population is still deprived of elec-
tricity, while all developed countries have ensured 100% 
access to electricity. India, our nearest neighbor country, 
has 95.24% access to electricity. Therefore, Bangladesh must 
meet this gap and ensure that 100% of the population has 
access to electricity.

In 2017–2018, the growth in electricity production was 
19.02%, indicating that Bangladesh is experiencing a rapid 
increase in electricity production. However, with a rapid 
rise in economic activity measured by a real GDP growth 
rate of around 8%, which is higher than her South Asian 
counterparts like India and Pakistan, electricity demand has 
increased concurrently.

The contraction of natural gas, combined with the grow-
ing electricity demand, has resulted in a significant thrust 
to generate electricity from other sources. The Bangladesh 
government has taken various initiatives for energy diversifi-
cation and a robust, high-quality power network to maintain 
an uninterrupted electricity supply. Electricity generation 
from the nuclear power plant is one of the vital steps of the 
Government’s commitment to high growth and a smooth 
supply of electricity at a larger scale. Nuclear power offers 
an environment-friendly baseload power generation. The 
land requirement for a nuclear power plant is low and does 
not need natural resources, i.e., coal, natural gas, or oil. 
It ensures an uninterrupted power supply for a long time 
with zero carbon emission and with grid stability. Thus, 
nuclear power is crucial for fuel diversification of electric-
ity production.

Given this advantage, Bangladesh started constructing 
the first nuclear power plant in Rooppur in November 2017. 
The plant will have two units, and the first unit is expected 
to commence electricity supply by 2023. The second unit is 
expected to start its operation in 2024. Nuclear power has a 
very high initial investment cost, with substantial technical 
complexity and significant technological, market, and regu-
latory risks. Still, it can supply a large amount of baseload 
electricity at a low operating cost (Kennedy 2007). The con-
struction and operation cost of a nuclear power plant (NPP) 
may depend on the type of nuclear reactor used and the fuel 
used in its reactors (Ramana (2007); Kennedy 2007; Singh 
et al. 2018). However, the risk associated with NPP is very 
high, and the safety of waste disposal of NPP is a funda-
mental concern (Ministry of Power 2016, World Nuclear 
Association 2018, IAEA, 2018). The waste disposal cost is 
another essential cost component of an NPP (Ministry of 
Power 2016; Islam and Khan 2017, & Harris et al. 2013). 
Bangladesh government, policymakers, and researchers are 
actively looking for a mechanism to determine the total cost 
of nuclear production. As Bangladesh has just started its 
NPP, she may face different technical complexity, regulatory 
issues, and required costs to train her technical personnel 
(Hydrocarbon Unit, Ministry of Power, 2019). Therefore, 
along with the capital, operating, and waste disposal costs, 
Bangladesh will also incur external costs. Electricity genera-
tion from NPP will be a better option if the cost of electricity 
production is competitive. Thus, it is vital to analyze the eco-
nomics of the NPP for Bangladesh for expanding electricity 
generation through nuclear energy.

It is challenging to conduct a cost-based analysis to exam-
ine the economics of NPP and to find whether the cost of 
production is competitive relative to other types of energy 
generation. In South Asia, India has the highest number of 
nuclear electricity plants and in 2016 produced 2.6% of its 
electricity from nuclear sources. India has seven established 
NPPs with twenty-two reactors, and nuclear power is the 
fifth-largest source of electricity supply in India (World 
Nuclear Association, 2018b). This study examines the cost 
of Rooppur units 1 and 2 with India’s Kudankulam units 3 
and 4, as both of these NPP are under Rustom, a Russian 
NPP construction firm.

This study examines the economics of NPP using a 
financial model to estimate the levelized cost of electricity 
(LCOE) in both countries. Singh et al. (2018) define lev-
elized cost of electricity (LCOE) as the net present value of 
the project’s total cost over the whole life cycle of the plant 
divided by the discounted quantity of electricity produced 
over the plant’s lifetime. This study utilizes the financial 
model used by Du and Parsons (2009), MIT (2003), and 
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MIT (2009) to estimate the LCOE of Bangladesh in relation-
ship with India, where India is considered as a benchmark. 
After estimating LCOE, we conduct a sensitivity analysis to 
reveal how different cost parameters affect the LCOE calcu-
lations in the two countries. The input cost parameters are 
overnight cost, operation, maintenance cost (O&M cost), 
decommissioning cost, fuel cost, and financial parameters: 
tax rate, cost debt, cost depreciation, and weighted average 
cost of capital.

The research findings suggest that the cost of nuclear 
power will be competitive in Bangladesh compared to other 
power generation facilities. Furthermore, it will also be com-
petitive with other countries in the world. Moreover, accord-
ing to our findings, nuclear power is competitive compared 
to other electricity generation facilities in India. We found 
that the economic cost is estimated to be 9.36 cents/kWh 
for the capacity of 2400 MW, whereas for a similar plant 
in Kudankulam, Tamil Nadu, India, the corresponding cost 
figure is 5.36 cents/kWh for 2000 MW.

We select a few countries like China, India, Japan, Paki-
stan, the UK, and the USA and compare them with Bangla-
desh to look at nuclear energy and other alternative uses as 
percentages of total energy use. We see that Bangladesh is 
lying at the lowest level concerning the other six countries, 
ranging from 2010 to 2014 (Table 1).

Table 1 shows that the USA is the leading country, fol-
lowed by the UK. However, Japan has drastically reduced 
its use from 16.66 to 2.22%. The USA and the UK are still 
maintaining their percentage above 11% on average. Pakistan 
leads with above 4% in South Asia, whereas India has a fig-
ure above 2.5%. China has a double percentage figure com-
pared to India. Bangladesh could not even reach the level 
of 1%. The table shows that Bangladesh can significantly 
improve its position in nuclear-based energy exploration.

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

We report the electricity production of the selected coun-
tries in Table 3. Bangladesh lags behind other countries in 
electricity production from oil, gas, and coal sources (mainly 
fossil fuel-based production). Furthermore, Bangladesh, 
India, and Pakistan have an increasing trend of electricity 
production from oil, gas, and coal sources, whereas China, 
the USA, and the UK have a diminishing trend in production 
from fossil fuel-based sources. Meanwhile, hydroelectric 

Table 1  Nuclear energy and 
other alternative use as a 
percent of total energy use

Source: The World Bank (2020)

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 .
USA 11.34 11.57 11.45 11.68 11.68 11.87
UK 8.83 10.81 10.91 11.43 11.58 13.12

Table 2  Per capita electric power consumption  and access to electricity as percent of population

Source:The World Bank (2020)

Country Electric power consumption (kWh per capita) Access to electricity (% of population)

2010 2011 2012 2013 2014 2014 2015 2016 2017 2018

Bangladesh 247.26 265.64 283.46 301.96 320.20 62.40 73.13 75.92 88.00 85.16
China 2943.59 3298.00 3474.99 3773.41 3927.04 100.00 100.00 100.00 100.00 100.00
India 640.39 696.84 723.24 764.20 804.51 83.53 88.00 89.67 92.60 95.24
Japan 8594.91 8099.60 7998.35 7988.58 7819.71 100.00 100.00 100.00 100.00 100.00
Pakistan 442.18 432.58 427.85 457.81 447.50 70.99 71.20 71.41 70.79 71.09
USA 13,395.14 13,247.01 12,966.12 13,006.75 12,997.45 100.00 100.00 100.00 100.00 100.00
UK 5700.86 5471.93 5449.26 5409.63 5130.39 100.00 100.00 100.00 100.00 100.00
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sources of electricity production have decreased for Bangla-
desh, whereas electricity production from renewable sources 
increased, but its share is small compared to the overall 
electricity production. Bangladesh’s position in nuclear pro-
duction is entirely nil at this stage, whereas there is ample 
opportunity to tap this channel and achieve rapid and envi-
ronmentally friendly economic growth.

The above analysis shows that Bangladesh is significantly 
lagging behind other countries in nuclear energy generation. 
The facts and figures, therefore, justify the endeavor of 
Bangladesh to develop a nuclear power plant. Even though 
the policymakers have a guideline about the expected financial 
cost of setting up NPP at Rooppur, Bangladesh, no economic 
cost–benefit analysis has so far been conducted. This paper has 

attempted to fill this gap through a comprehensive economic 
cost analysis based on the standard LCOE method developed 
by Du and Parson (2009), MIT (2003; 2009; 2018), and Singh 
et al. (2018). We use a different method used by Islam and 
Bhuiyan (2020) in assessing the economic cost of nuclear 
in Bangladesh. Islam and 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.

On the other hand, this current study provides a detailed 
LCOE estimation model for Bangladesh and Indian NPP. This 
economic costing will be immensely useful for the energy 
pricing of Bangladesh for commercial and other purposes 
and determine whether the pricing is economically viable or 
not. Therefore, this paper has direct policy implications for 
cost-effectively designing the energy pricing strategies of the 
Bangladesh government. Furthermore, the different cost input 
parameters of Islam and Bhuiyan (2020) are distinct from ours as 
the model is different. Another unique contribution of our paper 
is that it includes the external cost of the first establishment of 
NPP in Bangladesh as an essential key cost parameter where the 
previous study did not have such cost input parameters.1

With this end in view, the study is organized as follows. 
The “Literature review” section provides a brief literature 
review; “The model used in the cost calculation” section 
introduces the model for cost estimation; the “Estimation 
of the cost parameters of the model” section presents the 
estimated results of LCOE; the “Interpretation of the cost 
estimation result” section provides a detailed interpretation 
of the result; the “Sensitivity test result” section presents a 
sensitivity analysis; the “Relevance for the estimated cost” 
section identifies the relevance for the cost estimation, fol-
lowed by conclusion and policy suggestions in the “Conclu-
sion and policy implications” section.

Literature review

Historically, nuclear power is not cost-competitive compared 
to fossil-fuel electricity or renewable electricity. Therefore, 
until today, the cost is a critical concern in the expansion of 
nuclear power. However, the cost is more straightforward to 
quantify than the benefits side, which is expected to occur 
in the future. Different studies examine the various aspects 
of the cost of nuclear power to understand the economics of 
nuclear power. The literature of cost analysis of NPP can be 
categorized into three groups: the Monte Carlo estimation 

Table 3  Electricity production from different alternative sources

Source: The World Bank (2020)

Country 2011 2012 2013 2014 2015

Electricity production from oil, gas and coal sources (% of total)
  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
  USA 68.42 68.86 67.82 67.46 67.08
  UK 71.07 68.47 64.59 60.97 53.18

Electricity production from renewable sources, excluding hydro-
electric (% of total)
  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
  USA 4.79 5.49 6.32 6.90 7.39
  UK 7.93 9.96 13.67 17.51 22.97

Electricity production from hydroelectric sources (% of total)
  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
  USA 7.44 6.52 6.32 6.05 5.84
  UK 1.56 1.47 1.32 1.76 1.87

Electricity production from nuclear sources (% of total)
  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 .
  USA 18.98 18.76 19.17 19.23 19.32
  UK 18.96 19.56 19.86 19.01 20.91

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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method; Real option-based analyses, and standard LCOE-
based analyses. In this section, we discuss these three lines 
of materials one after another. Among all the studies, MIT 
(2003), MIT (2009), MIT (2018), Wealer et al. (2018), Du 
and Parsons (2009), De Roo and Parsons (2011), Rothwell 
(2006), Singh et al. (2018) are noteworthy.

Monte Carlo estimation method

Monte Carlo simulation is a stochastic method in which 
the same experiment (i.e., several thousand to millions) is 
repeated. Different pre-defined variables are chosen from 
a specific range based on an assumed distribution for each 
trial. To understand NPP economics, some studies used the 
Monte Carlo estimation method to stimulate NPV or LCOE 
of the power plant to examine the likelihood of achieving a 
certain level of NPV or LCOE (Wealer et al., 2018). Based 
on the Monte Carlo simulation result, the decision can be 
made whether an NPP will be economically cost-competitive 
in the long run.

Wealer et al. (2018), using the Monte Carlo method, 
argue that the NPP was never an economically viable option 
to produce electricity. Historically, NPP has higher construc-
tion costs than its fossil-fuel counterparts, i.e., coal and natu-
ral gas. Moreover, it is still not cost-competitive with a new 
advanced nuclear reactor system either with renewables or 
fossil-fuel-based electricity. Therefore, they analyze the pri-
vate 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 
to be noted that this study does not include data from China 
and Russia due to the unavailability of data in those coun-
tries. Thus, Wealer et al. (2018) might have come up with a 
different finding if they could have added Chinese nuclear 
electricity production in their Monte Carlo estimation, as 
Yu et al. (2020) argue that compared to other clean energy 
options, nuclear power is cost-competitive in China. Accord-
ing to this study, in 2017, the price of nuclear electricity was 
slightly higher than coal and hydropower in China, whereas 
it is lower than solar, wind, and biomass. Therefore, adding 
China to the Monte Carlo simulations may give a different 
conclusion for nuclear power generation cost.

Real option‑based estimation method

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

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

Rothwell (2006) 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 rev-
enue uncertainty. It identifies that the net revenue (revenue 
before the payment of construction expenditure) is associ-
ated 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. Finally, 
this study recommends that giving risk premium and con-
tracting can mitigate a newly established NPP’s risks and 
uncertainty.

Levelized cost of electricity (LCOE)‑based method

In addition to the Monte Carlo estimation method and real 
option-based cost modeling, levelized cost of electricity 
(LCOE) is the most widely used method to examine the 
economics of nuclear power. Different studies used LCOE-
based cost modeling to understand the economics of nuclear 
power. Among them, MIT (2003), MIT (2009), MIT (2018), 
Du and Parsons (2009), De Roo and Parson (2011), and 
Singh et al. (2018) are noteworthy. In this LCOE based 
method, the net present value of the total cost of an NPP 
is calculated, and then it is divided by the total amount of 
electricity produced over the plant’s life span.

MIT (2003) is the first interdisciplinary research in MIT’s 
future nuclear power research, introducing 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. Later, MIT (2009), Du and 
Parson (2009), and MIT (2018) introduced a new standard 
in the nuclear cost analysis with a set of updated cost param-
eters due to change in various cost components. MIT (2003) 
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. The findings suggest that nuclear power is not cost-
competitive in a deregulated electricity market than other 
fossil fuel alternatives. According to this study, the LCOE of 
nuclear power, coal, and natural gas are 6.7 US Cents/kWh, 
4.2 US cents/kWh, and 3.8 US cents/kWh, respectively.

MIT(2009) and Du and Parsons (2009) use the same LCOE-
based methodology and update all the cost parameters of MIT 
(2003) based on the change in the cost of construction. MIT 
(2003) considers the 2002 price level, whereas these two stud-
ies use more recent 2007 price levels for the cost components. 
Overall findings suggest that the LCOE of NPPs increased 
when the capital cost of construction doubled.

35077Environmental Science and Pollution Research (2022) 29:35073–35095



1 3

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 technol-
ogy. 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 suggested a shift from previous light water reac-
tor or heavy water reactor to new generation IV rector to 
reduce cost, introduce appropriate CO2 emission policies 
that will make nuclear power competitive, and raise public 
awareness about the benefits of nuclear energy.

De Roo and Parsons (2011) examine the LCOE for three 
different types of fuel cycle: once through the cycle and 
twice through the cycle and fast reactor cycle. The find-
ings 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, 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 the equilibrium 
cost is calculated concerning the time dimension.

In contrast, LCOE is the average cost of electricity pro-
duction throughout the lifetime of a plant. Therefore, the 
equilibrium cost is higher than the LCOE. This is because 
equilibrium cost has delayed realization of cost, thus 
including many delayed costs that can be realized with 
time. Finally, this study is unique regarding the LCOE and 
equilibrium cost analysis for different fuel cycle processes 
and clearly distinguishes between LCOE and equilibrium 
cost.

The above literature focuses on the economics of nuclear 
power worldwide based on three categories. However, dif-
ferent studies specifically discuss the economics of India’s 
nuclear electricity generation using LCOE estimation. 
Singh et al. (2018) examine the levelized cost of electric-
ity 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.

In the case of Bangladesh, no such study examines the 
economics of nuclear power based on any quantitative 
model with one exception (Islam and Bhuiyan 2020). This 
is because nuclear power is very new to Bangladesh, and 
its first nuclear power plant construction is in progress. It 
is expected that Bangladesh will generate electricity using 
nuclear power by the year 2023.

Therefore, it is clear from the studies that the LCOE-
based methodology is widely used to examine nuclear 
power economics. This method is also suitable for a newly 
built power plant with no data on cost parameters. Thus, 
this current study chooses this LCOE-based approach to 
examine Bangladesh’s Rooppur Nuclear Plant economics 
and compares it with India’s Kudankulam Power Plant. To 
the best of the authors’ knowledge, no such peer-reviewed 
work has been done to estimate Nuclear Power Economics 
in Bangladesh except Islam and Bhuiyan (2020). They used 
Financial Analysis of Electric Sector Expansion Plans (FIN-
PLAN) modeling according to International Atomic Energy 
Agency (IAEA) 2018, to estimate levelized unit electric-
ity 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 elec-
tricity ranges from 43.8 to 82.5$/MWh for Rooppur NPP. 
Some other non-peer-reviewed works such as Khondker and 
Hossain (2017) conduct financial and economic feasibility 
studies of the project by considering only one set of opti-
mistic parameters, such as a PCF of 93%, a plant lifetime of 
50- years, and a discount rate of 5%, and assume 3.5 cent/ 
kWh LCOE to estimate the different social and economic 
cost–benefit ratio of the projects. A summary literature table 
is provided based on different cost estimation methods.

Besides different cost estimation methods, literature 
focusing on nuclear power plants in developing countries is 
very limited. In a developing country with a high population 
density, it is challenging to manage the construction and 
operation of nuclear power plants. In developing countries, 
the private sector cannot support nuclear power plants due 
to high construction costs and safety issues (Lehtonen et al., 
2020). It is critical to examine country-specific risk allo-
cation strategies and financing issues. Hickey et al. (2021) 
examine the four case studies of four countries on nuclear 
negotiation and their prospective solution to overcome the 
commercial constraints of construction. These four countries 
are Turkey, Egypt, Jordan, and United Arab Emirates (UAE). 
According to their findings, commercially viable financing 
and fair risk allocation are significant. The state must con-
sider a comprehensive energy mix strategy and state sov-
ereignty due to complex issues of joint venture ownership 
of NPP. Degrees of control over any nuclear program, the 
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balance of power, and the balance of debt and equity are 
critically important in the political situation in the Mid-
dle East. Notably, in the case of Jordan, due to high finan-
cial and repayment of the commercial loan with Rustam, 
Jordan canceled its two 1000 MW VVER nuclear power 
plant programs (World Nuclear Association 2021). Instead 
of a big reactor project in 2018, Jordan focused on buying 
small module reactor (SMR) project. Ramana and Ahmed 
(2020) identify that SMR may be a better option for Jordan 
than two large reactors based on financial resources and the 
smaller grid capacity of Jordan. However, the problem of 
SMR includes finding multiple suitable locations for multi-
ple SMR, nearby water resources to cool SMR, and higher 
cost of electricity generation.

Meanwhile, apart from financial competence to establish 
nuclear power plants, it is also essential to identify the public 
attitude towards nuclear energy for the future sustainabil-
ity of NPP in developing countries. In this context, Gupta 
et al. (2021) examine the public perceptions about nuclear 
energy in India using a nationwide survey. The result of their 
multiple regression analysis suggests substantial support for 
nuclear energy expansion in India. The public perception 
about the benefits of nuclear energy offsets the potential 
risks where concerns about energy security and climate 
change correlate with support for nuclear energy. Similar 
results can be found in another public perception study 
among Turkish people. Yildrium & Gün  (2016) found that 
climate change and environmental concern have a higher 
significant impact over positive public attitudes on nuclear 
energy instead of energy security in Turkey. Furthermore, 
in Pakistan, Mahmood et al. (2020) suggested that nuclear 
energy may be a cleaner electricity source than other fossil 
fuel sources if some effective measures are taken. Therefore, 
in developing countries with high population density and 
high energy demand, nuclear energy may be a better option 
to produce electricity despite financial constraints due to 
energy security, climate change, environmental concern, and 
positive public perception.2

Furthermore, Nuclear power is a topic of enormous 
debate for energy policymakers. Gupta et al. (2021) argued 
that nuclear power is a viable option for emission reduc-
tion in developing countries where demand is very high 
compared to the supply. In developing countries, increased 
energy demand calls for an uninterrupted baseload elec-
tricity supply, where renewable energy may not meet that 
huge demand. Therefore, nuclear energy can ensure reli-
able, affordable, and ample electricity supply in develop-
ing countries with reduced carbon emissions. On the other 

hand, the drawback of nuclear power is the potential risks 
of accidents, waste disposal issues, requirements for highly 
skilled workers for operation, and long-term effects of radia-
tion (Ho et al. 2019). Muellner et al. (2021) argues that the 
climate change effect of nuclear would be minimal in the 
long run. According to the existing nuclear plants, including 
under-construction sites globally, the maximum reduction in 
greenhouse gas emissions would be 2–3% (Muellner et al. 
2021). However, Davis and Hausman (2016) argue that only 
one nuclear plant closure in California in 2012 caused an 
increase in 9 million metric tons CO2 emission over 1 year. 
Therefore, given all the backdrops of nuclear power plants 
considering the baseload energy benefit with zero carbon 
emission and the calculated LCOE of the current study, we 
can safely conclude that nuclear power may be a beneficial 
option for electricity in the case of Bangladesh.

The model used in the cost calculation

The current paper aims to estimate the economic cost of set-
ting up the NPP in Rooppur. The research utilizes the LCOE 
by following the methodology of Du and Parsons (2009), 
MIT (2003; 2009; 2018), and Singh et al. (2018). However, 
there is some criticism against the standard levelized cost-
based study to understand nuclear power economics. The 
main criticism of LCOE-based methodology is that risks, 
uncertainties, and externalities are not included in the analy-
sis. Thus, it is hard to get a clear picture of the economics 
of nuclear power.

The paper utilizes the standard LCOE method 
despite the shortcomings described above. The real-
life data are not available for nuclear power plants in 
Bangladesh in the context of our current study. There-
fore, Monte Carlo estimation or real option-based 
analysis, i.e., the other two methods discussed in the 
literature review, is beyond the scope of this study. 
Thus, we focus on standard levelized cost-based meth-
odology to analyze the economics of NPPs in Bangla-
desh. The analysis is compared to that of India.

We calculate the LCOE separately for the newly built 
nuclear plant in Bangladesh and India using the follow-
ing Model and compare them. Our result of the Model is 
determined by the set of assumptions around different cost 
parameters. The paper is unique in estimating the LCOE for 
Rooppur NPP, units 1 and 2 in Bangladesh, and units 3 and 
4 of Kudankulam NPP in India, all of which are currently 
under construction.3

2 We are grateful to an anonymous reviewer for bringing up the issue 
of developing countries with high population density and low geo-
graphical space.

3 Unit 1 and 2 of Kudankulam are operating from 2013 and 2014, 
respectively.

35079Environmental Science and Pollution Research (2022) 29:35073–35095



1 3

This study relies on previous studies as some of the cost 
parameters for the two power plants are unavailable. Thus, 
this current study assumes various cost parameters based 
on previous LCOE studies conducted in different countries. 
Detailed discussions on the assumptions of different cost 
parameters are given in the estimation sections.

Both projects are under construction, and we assumed 
a 7-year construction period with a plant life of 60 years 
for Bangladesh and India. It is consistent with the World 
Nuclear Association (2008) and Harris et al. (2013), which 
estimated a global average of the construction period of 
NPP to be within 5 to 7 years. Note that the first unit of 
Rooppur NPP started in November 2017 and is expected to 
start its operation by 2023/2024 (World Nuclear Associa-
tion 2020). Furthermore, the development of the second unit 
began in July 2018 and is expected to start its operation by 
2024/2025 (World Nuclear Association 2020). On the other 
hand, Kudankulam units 3 and 4 started their construction in 
June 2017 and October 2017, respectively, and are expected 
to start their operation by 2023 (World Nuclear Associa-
tion 2020). In the case of our study, the target schedule is 
6.5 years approximately. Thus, we add 6 months to cover 
the uncertainties (including the effect of COVID-19) and 
assume 7 years for the construction period.

LCOE is estimated by using the following equation:

For Bangladesh

For India4

Description of the parameters of the model

Here, Kt  Capital cost of construction; t = 7 years of the 
construction period.

EXc  External cost during construction; t = 7 years of 
the construction period only applicable in the 
context of Bangladesh.

IDC  In te res t  payment  dur ing  const r uc t ion 
per iod;  t  = 7  years of  the construction 
period.

ICC  Incremental capital cost starting from 8 to 
67 years as plant life is 60 years.

(1)LCOE =

∑7
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+
∑7
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OMf  Fixed O&M cost starting from 8 to 67 years as 
plant life is 60 years.

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

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

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

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

TDt  Tax benefit of deprecation of nuclear power 
plant starting from 8 to 67 years following the 
schedule of standards of Singh et al. (2018).

DCOM t  Decommissioning cost of the nuclear power plant 
at the 71st year.

r  Discount rate.
Gn Total electricity produced over the life span of  
             the plant starting from 8 years and ending at 
                  67 years.

The key difference between Eq. 1 and Eq. 2 is the inclusion 
of external cost identified through the variable. In Eq. 1 for 
Bangladesh LCOE estimation, we added an external cost of 
USD 180.7 million and discounted that cost over the 7 years 
construction period. There is a setup cost for constructing 
the first NPP. This is just a one-off cost, and once the NPP 
starts operating, there will be regular operation and mainte-

nance costs. For India, no such one-off cost is included in the 
estimation.

The total duration of the model is 67 years, where the first 
7 years are considered to be the pre-construction period, and 
the following 60 years are considered as the plant’s operat-
ing period. Each cost parameter is associated with each of 
the periods of the nuclear life cycle. During construction, the 
two key cost parameters are construction cost and interest 
payment, and during operation, the key parameters are vari-
able operating cost, discount rate, tax, and depreciation rate. 
The decommissioning cost of the NPP commences after the 
end of its operating period. At the decommissioning phase, 
plant facilities’ safety process, disposal, and storage induce 
cost decommissioning (Singh et al. 2018). We estimate the 
LCOE for the two countries using the above-mentioned Eqs. 1 
and 2. In order to maintain comparability, all the estimations 
are in the 2010 US dollar value. The evaluation of LCOE is 4 The above two equations are modified from Singh et al. (2018) and 

Du and Parsons (2009).
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greatly influenced by different input cost parameters that are 
discussed in the following sections. Finally, to remain consist-
ent with other studies, we do not calculate the accident risks 
or any other factor interrupting the electricity supply during 
the plant’s lifetime.

The method involves a detailed estimation of the cost 
parameters, which is described in the following section.

Estimation of the cost parameters 
of the model

The selection of the appropriate cost parameter will be 
addressed in the section following our literature review and 
assumptions made in the previous sections. All the param-
eters are adjusted with country-specific values. For example, 
tax rate, discount rate, depreciation, and debt-equity ratios 
vary between Bangladesh and India. We consider the cur-
rent fiscal and regulatory environment to determine different 
parameters for the two countries. Further, we adjust the price 
level and inflation for the given parameters. Methods for 
selecting the different cost parameters for LCOE estimation 
are given below:

Overnight cost

The overnight cost is a part of the capital cost. It includes 
construction, system cost, procurement cost, engineering cost, 
cost of equipment, first fuel load, and other costs (World Nuclear 
Association 2020). This kind of cost is one of the key cost 
components of the NPP. The share of overnight cost accounts 
for a significant portion of the LCOE; thus, estimation of this 
cost is crucial while determining LCOE (Du and Parsons 2009).

According to the World Nuclear Association (2020), 
the total capital cost of construction exclusive of inter-
est during construction and cost escalation is 12.65 bil-
lion USD for 2400 MW of Rooppur and 6.25 billion USD 
for 2000 MW Kudankulam units 3 and 4. Therefore, this 
paper calculates $5271/KW for the Rooppur power plant 
while considering 2400 MW capacity and $3125/KW for 
Kudankulam while considering the 2000 MW capacity of 
the plant. In the case of India, previous studies use a simi-
lar figure for overnight cost estimations. Singh et al. (2018) 
use overnight cost at $3000/KW, where Bharadwaj et al. 
(2008) use a range of $2000–$3000/KW. However, this 
study uses an exact amount rather than an approximation 
because the overnight cost is derived from real-life data. 
In the case of Bangladesh, the overnight cost seems sig-
nificantly higher than most of the studies as Rooppur is the 
first NPP of Bangladesh. Therefore, it includes the setup 
cost instead of already established 22 nuclear reactors in 
India. We use this estimated figure for the base case sce-
nario. However, the study uses a range of overnight costs 

of $2500–$3750/KW for India and $4217–$6326/KW in 
Bangladesh in the sensitivity analysis.

The overnight cost has been distributed based on the con-
struction schedule and discounted with a given rate. The 
changes in LCOE are directly proportional to the changes 
in the overnight cost, and these fluctuations are discussed in 
detail in the following sections.

Interest during construction

Interest during construction (IDC) is another essential 
component of our LCOE estimation. This cost represents 
the interest cost on funds raised to build the plant (such as 
loan debt or stock equity) (MIT 2018). This cost is incurred 
during the construction period when there is no operating 
income. Thus, this cost is included in the capital cost as a 
financing cost. This cost is also known as “interest during 
construction” (IDC) or “accumulated funds during construc-
tion” (AFD) (MIT 2018). In other words, this is the inter-
est payment on the amount borrowed to finance the capital 
during the construction period (Singh et al. 2018). Different 
studies suggest different capital costs as IDC; however, MIT 
(2018) estimated IDC 20% of capital cost.

Furthermore, the World Nuclear Association (2020) suggests 
IDC as 30% of capital when the construction period is 5 years 
and increases to 40% of capital when the construction period 
is 7 years. On the other hand, Singh et al. (2018) estimate (for 
an overnight cost of $2000/KW) IDC as US$324.05 million 
for a 5-year construction period in India. In addition to that, 
Bharadwaj et al. (2008) estimate IDC as 20% of the capital 
cost for a 5-year construction period, where Bharadwaj et al. 
(2006) measured 25% of the capital cost as IDC. However, 
we have chosen 40% of capital cost as IDC due to the 7-year 
construction period, for India and Bangladesh, following the 
World Nuclear Association (2020).

Operations and maintenance costs (O&M)

Compared to coal, natural gas, and other electricity generation 
facilities, the advantage of nuclear power is the low cost of 
O&M (Du and Parsons 2009). This cost solely depends on the 
NPP’s type of reactor and technology (Singh et al. 2018). Due 
to the unavailability of data for cost parameters, we modified 
the O&M cost used in MIT (2009) and Du and Parsons (2009) 
input parameters. Unlike Singh et al. (2018), we estimate the 
fixed and variable operation and maintenance costs separately, 
following MIT (2003, 2009), Du and Parsons (2009), and MIT 
(2018). According to our estimation, the fixed operation and 
maintenance cost is $92.63/kW/year, and the variable operation 
and maintenance cost is 0.69 mills/kWh. According to MIT 
(2009) and Du and Parsons (2009), these costs were $56/kW/
year and 0.42 mills, respectively. On the other hand, Singh et al. 
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(2018) and Bharadwaj et al. (2006) did not divide the operations 
and maintenance costs into the fixed and variable parts but 
instead calculated aggregate operations and maintenance costs.

Fuel cost

One of the key benefits of an NPP is the low fuel cost com-
pared to other electricity-generating facilities. According to 
Du and Parsons (2009) and MIT (2009), fuel cost is 0.67 $/
MMBtu, where Singh et al. (2018) calculate this cost at 0.69 
cents/kWh. Therefore, following Du and Parsons (2009) 
and MIT (2009), we collect the 2018 price of uranium from 
EIA, which is 0.68 $/MMBtu, and use this price to estimate 
respective LCOE for India and Bangladesh.

Incremental capital cost (ICC)

Incremental capital cost is calculated as operating cost 
following MIT (2003, 2009) and De Roo and Person (2009) 
model. This cost was added with decommissioning costs and 
discounted over time. In our study, we calculate the incremental 
cost as 1% of the overnight cost for India and Bangladesh, 
following MIT (2003, 2009) and Du and Person (2009).

Tax benefit of depreciation

We assume a 7-year construction schedule with two separate 
depreciation schedules for the two countries. Depreciation 
provides a tax shield; thus, calculating the depreciation schedule 
while estimating the LCOE is essential. MIT (2003, 2009) and 
Du and Parsons (2009) estimate a 15-year modified accelerated 
cost recovery system (MACRS) depreciation schedule, while 
this study uses a 10% salvage value, and the remaining 90% 
is distributed throughout the 60 years plant life of the NPP. In 
the case of Bangladesh, we estimate the rate of depression and 
schedule following the Bangladesh Power Development Board 
(2018) and Bangladesh Energy Regulatory Association (2016). 
Wee calculated a 3.28% depreciation rate for the first 10 years, 
and from the 11th year until the 60th year, the remaining 90% is 
evenly distributed.5 In contrast, in the case of India, we directly 
follow the depreciation rate and the schedule given in Singh 
et al. (2018). According to them, a 5.28% rate is applicable for 
the first 12 years, and the remaining 90% is evenly distributed 
from the 13th year to the 60th year.

Decommissioning cost

We estimate 10% of the overnight cost as the decommissioning 
cost for Bangladesh, following the World Nuclear Association 
(2020) due to the unavailability of real-life data. According to 
our estimation, the decommissioning cost is $527 million for 
Bangladesh. On the other hand, in the case of India, we follow 
Singh et al. (2018) to estimate the decommissioning cost at 
$340 million. We estimate a separate decommissioning cost 
because it primarily depends on country context, reactor type, 
and plant size (Singh et al. 2018). Therefore, in the context of 
India, this study follows Singh et al. (2018), which provides an 
estimation of approximately 10% of the overnight cost.

Inflation rate and escalation factors

We estimate 6% for Bangladesh and India based on the last 
5 years’ inflation rate for these two countries. Most of the 
studies followed MIT (2003, 2009) and Du and Parsons 
(2009), using a 3% inflation rate; however, 3% inflation is 
not appropriate in real-life data in India and Bangladesh. On 
the other hand, following Singh et al. (2018), MIT (2003, 
2009), Du and Parsons (2009), we assume 1% real escalation 
in O&M and 0.5% real escalation in fuel cost.

Cost of debt, return on equity, and weighted 
average of capital

A debt-equity ratio of 90/10 was agreed between Bangladesh, 
Rooppur NPP, and Russian company Rustom (World Nuclear 
Association 2020). In contrast, following the Bangladesh Energy 
Regulatory Association (2016) estimation, we assume a return 
on equity of 20% and the cost of debt as 12.90% in the context 
of Bangladesh. Thus, combining these rates gives us a weighted 
average cost of capital (WACC) of 9.26%, which is used to esti-
mate the project’s after-tax cash flows to yield the net present 
value. On the other hand, in the case of India, we assume an 
85/15 debt-equity ratio according to their agreement with Rus-
tom. Moreover, we calculate return on equity is 23.48%, and the 
cost of debt is 8%, following Singh et al. (2018). Thus, it implies 
a WACC of 7.94% in the case of India’s LCOE estimation.

Income tax

MIT (2003, 2009) and Du and Parsons (2009) assume the 
income tax rate as 37% for the LCOE estimation. Furthermore, 
we follow Singh et al. 2018) in India and estimate a 34% 
income tax rate for NPP. We determine a 37.5% tax rate for 
Bangladesh Energy Regulatory Association (2016) guideline.

5 The 90% depreciation rate and 10% salvage value are estimated fol-
lowing both Bangladesh Energy Regulatory Association (2016) and 
Singh et al. (2018). In contrast, the 10-year and 50-year schedule are 
following the depreciation schedule given in Bangladesh Energy Reg-
ulatory Association (2016).
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External cost

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

The following two tables represent a year-wise construc-
tion schedule and the estimated cost parameters for the 
two countries (Tables 4 and 5). The dataset is available in 
the repository of Harvard Dataverse at https:// doi. org/ 10. 
7910/ DVN/ UGJCUW. This will help all the researchers and 
reviewers to replicate all the results used in the paper.

Interpretation of the cost estimation result

The tables and graphs discussed in this section are calcu-
lated using Du and Parsons (2009) spreadsheet model of 
LCOE estimation. We first discuss the result of the base 
case analysis, following the discussion of the sensitivity 
analysis result. Our baseline cost model results suggest 

Table 4  The base case input parameters for Bangladesh

Source: Authors’ calculation

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%
[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%

Table 5  The base case input parameters for India

Source: Authors’ calculation

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%
[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%

Table 6  Comparison of LCOE for Bangladesh Rooppur NPP and 
Kudankulam NPP

Country The capacity of power plant

Bangladesh LCOE US cent/kWh 2400 MW
9.36 cents/kWh

India LCOE US cent/kWh 2000 MW
5.34 cents/kWh
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that the LCOE of Bangladesh is 9.35 US cents/kWh con-
sidering a 2400 MW capacity of Rooppur NPP. Our result 
is similar to the JICA’s estimation of 9 US cents/kWh 
using the 2010 US dollar (Table 6). On the other hand, 
this cost is also identical to the findings of MIT (2003, 
2009), Du and Parsons (2009). Therefore, it indicates that 
the LCOE in Bangladesh is at par with other countries in 
the world.

Furthermore, we also examine the Kudankulam NPP of 
India, and the results indicate that for 2000 MW capacity 
(which is the total capacity of Kudankulam 3 and 4), the 
LCOE is 5.36 cents/kWh.

Therefore, our results clearly show that India’s LCOE is lower 
than Bangladesh for several reasons. First, according to the agree-
ment, the construction cost is more than double in Bangladesh 
compared to India. Further, Bangladesh incurs an additional 
external cost of USD 187.5 million. Bangladesh will establish 
its first NPP, so it faces a setup cost for different facilities, i.e., tel-
ecommunications, transportation, water line establishment, and 
gridline establishment. In contrast, Kudankulam 3 and 4 will be 
India’s 25th and 26th nuclear power reactors. Figure 1 represents 
the percentage of key cost components in the LCOE estimation 
for Bangladesh and India. In the case of Bangladesh, the external 
cost has a 5% share in total LCOE estimation where the share of 
the capital cost is 76%, share of IDC and decommissioning cost is 
3%, the share of non-fuel O&M cost is 7%, and combined share 
of fuel cost and the waste fee is 9%, respectively.

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

On the other hand, in the case of India, LCOE is pretty com-
petitive and similar to the findings of Bharadwaj et al. (2006) 

and Bharadwaj et al. (2008). In contrast, Singh et al. (2018) 
estimated an exceptionally high LCOE for NPP in their recent 
study. This is because, in the case of India, our study considers 
2000 MW (two units together) capacity with a given overnight 
cost according to the agreement with Rustom, Russia, while 
other studies assume a theoretical 1000 MW capacity for one 
unit, for a range of overnight cost of $2000–$3000 KW. We cal-
culate the actual per kW overnight cost according to the agree-
ment between Russian Rustom and India. Therefore, we find a 
more competitive cost of NPP for India compared to other stud-
ies. Our overall result detects economics of scale in the produc-
tion of nuclear power electricity in both Bangladesh and India.

As discussed earlier, the LCOE of nuclear power is com-
petitive with other energy sources, given the electricity market 
structure of Bangladesh. However, the literature suggests that 
carbon tax makes the LCOE of nuclear electricity competitive 
even in deregulated electricity markets (Du and Parsons 2009; 
Kennedy 2007; Yu et al. 2020). Thus, if the Bangladesh gov-
ernment introduces a carbon tax on fossil fuel electricity pro-
duction, the LCOE of nuclear energy will be more competitive 
under Bangladesh’s centralized and regulated electricity market.

In this context, it can be noted that the electricity market of 
Bangladesh, regulated centrally by the Ministry of Power, Energy, 
and Natural Resources (Asian Development Bank, 2020). The 
consumer side of the electricity market is represented by agricul-
tural, residential, and industrial buyers. As mentioned earlier, the 
electricity demand has substantially increased in Bangladesh due to 
economic size, which indicates an expanding market. On the other 
hand, the supply side is fully controlled by the government. Bang-
ladesh Power Development Board (BPDB) produced a significant 
fraction of electricity and served as the single buyer in the electric-
ity market (Mostafa et al. 2017). The Bangladesh government also 
works with independent power producer (IPP) to produce electricity 
through a public–private partnership. However, BPDB buys all the 
electricity from all the producers and has a monopoly over transmis-
sion and distribution. BPDB is the only retail supplier that supplies 

Fig. 1  Percentage distribution 
of the key cost components in 
LCOE estimation in Bangladesh 
and India.  Source: Own calcu-
lation from the model data
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electricity to consumers. Thus, currently, nuclear will be a beneficial 
option for the government compared to other electricity sources in 
production costs and energy security issues.

Sensitivity test result

Besides the base case estimation, we conducted a sensitiv-
ity analysis to examine the effect of uncertainty over dif-
ferent cost parameters in both countries. To examine the 
uncertainty of cost input parameters, we select overnight 
cost, fixed operation and maintenance cost, interest during 
construction, tax rate, inflation, and the weighted average 
cost of capital to deviate from its base value. For each vari-
able, the upper limit and the lower limit are selected from 
various literatures to get a broader picture of a wide range 
of uncertainties around the base values. It is important to 
note that the upper and lower limits may depend on the 
country’s context. Thus, the following two tables represent 
each cost input parameter’s upper and lower values with 
their base values and respective LCOE (Tables 7 and 8).

Furthermore, Figs. 2 and 3 show the result of the sensitiv-
ity analysis of LCOE for both Bangladesh and India.

Our results show that changes in inflation and WACC 
(which work as a discount rate in the analysis) have the highest 

impact on LCOE. The least significant impact is induced by 
fixed operation and maintenance costs. The pattern of the 
result is the same for both India and Bangladesh. Thus, our 
sensitivity analysis ensures that uncertainty around differ-
ent cost parameters for the given LCOE estimation model 
causes the same effect on the LCOE of NPP. The absolute 

Table 7  The result of the sensitivity analysis for Bangladesh

Source: Authors’ calculation

Variable LCOE

Overnight cost
  Baseline 5271.00 9.35
  Lower 3000.00 8.57
  Upper 6000.00 9.60

Interest during construction
  Baseline 2108.40 9.35
  Lower 1687.00 7.35
  Upper 2531.00 10.01

Fixed O&M cost
  Baseline 91.45 9.35
  Lower 73.16 9.21
  Upper 110.35 9.49

Inflation
  Baseline 6.00% 9.35
  Lower 3.00% 15.78
  Upper 10.00% 4.38

Tax rate
  Baseline 37.50% 13.87
  Lower 30.00% 8.56
  Upper 45.00% 10.35

WACC 
  Baseline 9.26% 9.35
  Lower 8.0% 7.40
  Upper 12.0% 14.81

Table 8  The result of the sensitivity analysis for India

Source: Authors’ calculation

Variable LCOE

Overnight cost
  Baseline 3125.00 5.36
  Lower 2000.00 5.05
  Upper 4000.00 5.59

Interest during construction
  Baseline 1250.00 5.36
  Lower 787.50 4.40
  Upper 1417.00 5.70

Fixed O and M cost
  Baseline 91.45 5.36
  Lower 73.16 5.18
  Upper 110.35 5.53

Inflation
  Baseline 6.00% 5.36
  Lower 3.00% 8.78
  Upper 10.00% 3.05

Tax rate
  Baseline 34.00% 5.36
  Lower 30.00% 5.17
  Upper 45.00% 6.01

WACC 
  Baseline 7.94% 5.36
  Lower 5.00% 3.43
  Upper 10.00% 7.46

Fig. 2  Tornado diagram for LCOE of Bangladesh.  Source: Authors’ 
calculation
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value change of LCOE may differ from one country to another, 
but the impact of percentage change is similar. For example, 
in India and Bangladesh, the highest effect is induced by the 
inflation rate followed by WACC, interest during construction, 
overnight cost, and fixed operation and maintenance cost. In 
addition, it is crucial to recognize that overnight cost, WACC, 
tax rate, fixed operation, and maintenance cost have a posi-
tive relationship with LCOE. On the other hand, inflation has 
an inverse relationship with LCOE. Thus, the country with a 
higher inflation rate will have a lower LCOE and vice versa.

Figures 4 and 5 clearly show  how LCOE changes for both 
Bangladesh and India for every low and high value of the cost 
parameters. In the context of Bangladesh, the following result sug-
gests that when WACC is 8% and 12%, the LCOE is 7.40 cents/
kWh and 14.81 cents/kWh, respectively. It induces a 7.41 cents/
kWh change in LCOE, whereas for a 3% inflation rate, the LCOE 
is 15.78 cents/kWh, and for a 10% inflation rate, it is 4.45 cents/ 
kWh. Therefore, the impact of a change in the inflation rate is larger 
than any other factor. On the other hand, in Kudankulam, for 5% 
and 10% WACC, the LCOE is 3.43 cents/kWh and 7.46 cents/
kWh, respectively. Moreover, for a 3% inflation rate, the LCOE 
is 8.78 cents/kWh, and for a 10% inflation, it is 3.05 cents/kWh.

Finally, our sensitivity result shows that, due to a change 
in fixed operation and maintenance cost for Bangladesh and 
India, the absolute difference between the upper and the 
lower values of LCOE is 0.28 and 0.35, respectively. There-
fore,  the operation and maintenance costs have the lowest 
impact on the LCOE of nuclear power estimation. A detailed 
simulation result for the two countries is also provided.

Relevance for the estimated cost

The findings of our study are highly relevant in the con-
text of the electricity sector of Bangladesh. No study has 
so far  calculated the LCOE of electricity for any fuel in 
Bangladesh. Table 9 represents the per kWh generation cost 
of electricity from different sources owned by the public 
power plant in 2018–2019 (Bangladesh Power Development 
Board 2020) and the electricity purchase cost for Bangladesh 
Power Development Board for the year 2018–2019.

It shows that wind-generated electricity has the highest 
generation cost, where the lowest costs are for hydroelectricity 
power generation. The costs are BDT 81.88/kWh and BDT 
1.00/kWh, respectively. The table, additionally, shows the cost 
of electricity generation using gas, coal, heavy fuel oil (HFO), 
high-speed diesel (HSD), and solar. The purchase cost per kWh 
may vary depending on the ownership of the plant. Accord-
ing to the table, the lowest purchase cost is for IPP- and SIPP-
owned power plants for gas-generated electricity. The highest 
purchase cost is for HSD-generated electricity purchased from 
rental and quick rental. These costs are BDT 2.47/kWh and 
BDT 27.46/kWh, respectively. Bangladesh Power Development 
Board buys electricity from these producers at their prices and 
supplies them to different consumers using various tariff rates.

In addition, the Bangladesh government utilizes differ-
ent electricity tariff rates for different consumer groups 
(Table 10).

The rates indicate that the Bangladesh government follows a 
discriminatory price policy based on the need of consumers. The 

Fig. 3  Tornado diagram for 
LCOE of India.  Source: 
Authors’ calculation
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lowest tariff rate applies to agricultural customers (BDT 4.16/
kWh), whereas office and commercial consumers pay the highest 
tariff rate (BDT 10.30 /kWh). There is a marginal pricing system 

for a different set of consumption units; thus, this study calcu-
lates a flat average tariff rate of BDT 7.90 /kWh for this group of 
consumers. We can understand that the Bangladesh government 

Fig. 4  Levelized cost of nuclear 
power plant in Bangladesh for 
different scenarios of high-
cost and low-cost parameters  
Source: Own calculation from 
the model data
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heavily subsidizes the electricity sector operating at two stages. 
First, the government subsidizes the production cost of electricity 
and provides further subsidies while supplying the electricity to 
different consumer groups. Therefore, the consumers are paying 
a tariff lower than the actual production cost of electricity.

Consequently, the policy implication of LCOE analysis is cru-
cial for Bangladesh. Our findings suggest that the LCOE of Bang-
ladesh is BDT 7.94/kWh. Hence, if the government can sell the 
electricity above this price, it will earn a profit. The government 
may yield a lower return to capital or incur a loss if the govern-
ment sells electricity below this threshold level. Therefore, nuclear 

power can be considered cost-competitive if hydroelectric and 
gas production costs are lower than nuclear (Table 9). However, 
it is essential to note that per-unit production cost and LCOE fol-
low different estimation techniques. LCOE estimates discounted 
revenue and cost considering the plant lifetime. Hence, the actual 
per-unit production cost will be much lower than the LCOE esti-
mation. Even though we consider the LCOE of nuclear, it is still 
lower than imported coal, solar, HFO, HSD, and wind produc-
tion cost. Thus, it is evident that nuclear will be more beneficial 
compared to all other sources. It is also important to note that gas 
is a depletable resource in Bangladesh and hydroelectricity is not 
a feasible option due to the characteristics of rivers of the country.

Moreover, coal emits high levels of CO2, whereas nuclear 
power has zero carbon emissions. Power generation through wind 
is an expensive option among renewables, which exhibits BDT 
81.88/kWh production cost, whereas solar is a reasonable option. 
However, nuclear has baseload power generation that ensures 
uninterrupted electricity supply, whereas solar production does 
not ensure an uninterrupted electricity supply since it is highly 
dependent on weather conditions.

Finally, the subsidy amount will also be smaller than other 
electricity sources if we consider the tariff rate. Therefore, in 
Bangladesh, nuclear power is a viable energy option to have in 
the energy basket. Our results suggest that introducing nuclear 
power will increase our electricity supply at a competitive cost. 
Even when we compare our LCOE with India, we notice that 
Bangladesh may have higher LCOE, but this is because Roop-
pur NPP is the first nuclear power plant, and we are facing an 
external cost of US$187.5 million because of that. Thus, in the 
future, it may become more cost-efficient compared to India.

Furthermore, it is an excellent option to produce electricity 
in a cost-competitive manner within the country’s context. 
This study finds nuclear power to be an effective viable option 
for energy diversification, and it should be included in the 
energy basket of Bangladesh in the long run. Nuclear power 
will provide sufficient energy security and diversification, 
along with zero carbon emissions in Bangladesh.

Conclusion and policy implications

In Bangladesh, the increasing electricity demand is triggered 
by the growing size of the economy and its transformation to 
modernization. According to the Bangladesh government’s 
calculation, access to electricity is 90%, while, according to 
World Development Indicator, in 2018, 85% of the population 
had access to electricity. Therefore, 10–15% of the population is 
deprived of electricity facilities. Bangladesh’s government needs 
to establish an uninterrupted diversified power supply system to 
ensure 100% access to electricity and meet the growing demand 
for industrial activities. As mentioned earlier, it is also vital to 
reduce the dependence on natural gas and oil-based electricity 
due to the depletion of resources and the negative environmental 

Table 9  Generation cost and purchase cost of electricity by fuel 
source (BDT/kWh)

Source: Compilation by authors from Bangladesh Power Develop-
ment Board (BPDB 2020) and eighth 5-year plan of  Bangladesh, 
2021.
Notes.
*All the generation cost is based on rates from public plant owned by 
BPDB.
**From independent power producer (IPP) and small independent 
power producer (SIPP).
***From subpublic plant.
****From rental and quick rental.

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****

Table 10  Tariff rates by different consumer categories (BDT/kWh) 
***

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 V.

Tariff Flat rate

Residential 7.90*
Agricultural 4.16
Small industries 8.53**
Non-residential 7.70
Commercial and office 10.30**
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impact. Furthermore, along with coal and solar power, nuclear 
power plays a vital role in Bangladesh government’s power 
supply master plan. The Bangladesh government believes the 
Rooppur mega project will maintain a secure power supply and 
reduce  CO2 emissions at a lower operating cost.

However, there is an increasing concern about the enormous 
amount construction cost of nuclear power. In Bangladesh, the 
cost of producing electricity is always higher than the price of 
electricity. According to Bangladesh government, in the last 
10 years, the amount of subsidy given to the power sector was 
equal to BDT 522.6 billion due to higher production costs and 
lower selling price of electricity. Therefore, it is also critical to 
ensure an affordable production cost of electricity to minimize the 
subsidy burden. Hence, it is crucial to understand the economics 
of nuclear power in Bangladesh, examining the levelized cost of 
electricity from nuclear power plants using a standard levelized 
cost-based financial model. In this paper, we have made the noble 
attempt to conduct a thorough economic cost analysis of setting up 
the first nuclear power plant at Rooppur in Bangladesh by using 
the unique discounted present value method developed by Du and 
Parsons (2009), MIT (2003; 2009; 2018), and Singh et al. (2018). 
This paper did it uniquely in Bangladesh, soon becoming another 
nuclear power in South Asia after India and Pakistan.

We compared the levelized cost of Bangladesh with India to 
examine the broader picture of nuclear power-generated electric-
ity. This study develops this model, including all the vital cost 
parameters, i.e., overnight cost, decommissioning cost, operating 
cost, and financial components such as interest during construction, 
incremental capital cost, cost debt, and the weighted average cost 
of capital, depreciation cost, tax rate, and others. Our assumption 
regarding various input parameters is based on a detailed literature 
review and country-specific contexts. The base case estimation sug-
gests that the LCOE of Rooppur NPP is 9.36 US cents/kWh or 
BDT 7.94 per kWh (with an exchange rate of $1 = BDT 84.877, 
which is 0.84877 × 9.36 = 7.94). The LCOE of Kudankulam India 
is 5.36 US cents/kWh or 3.93 Indian Rupee/kWh (with an exchange 
rate of $1 = 73.4 Indian Rupee which is 0.734 × 5.36 = 3.93).

Along with base case estimation, this study conducts a 
sensitivity analysis on key input parameters. We use a range 
of values around the base values of key input parameters to 
see the impact on LCOE estimations. Our results suggest 
that the inflation rate, the weighted average cost of capital, 
and IDC significantly impact LCOE.

Following the findings, this paper strongly suggests that 
nuclear power is a worthwhile option for electricity production 
in Bangladesh, considering energy security, diversifications of 
energy basket, zero carbon emission, and cost-competitiveness. 
In the future, if solar and other renewables become more cost-
competitive, these may compete with nuclear power. However, 
nuclear power will still be appealing even comparing renewa-
bles because of its baseload power generation. The drawback 
of nuclear in Bangladesh is its high risk of accidents, which 
will induce a considerable cost with a significant level of health 

hazard. Furthermore, without foreign investment, it will be hard 
for the Bangladesh government to bear the construction cost 
of nuclear power and technological support. Nevertheless, the 
latest technology ensures the minimum risk of nuclear acci-
dents. Thus, if Bangladesh government can ensure foreign 
investment to build nuclear power plants, it may become an 
attractive option to produce electricity.

Moreover, the Bangladesh government plans to diversify 
its power generation to meet low-cost fuel and low carbon 
emission criteria. Therefore, according to the eighth 5-year 
plan, the Bangladesh government has revised its nuclear-
produced electricity target. Currently, the government plans 
to produce 14% of power from nuclear sources in 2031 and 
12% in 2041 (Moazzem & Shibly 2021). Furthermore, the 
Bangladesh government has taken various initiatives in the 8th 
5-year plan to achieve green growth under environmental and 
climate change strategies. The government plans to introduce 
an emission accounting strategy that will make the polluters 
bound to pay (GED 2020). The government also has a plan 
for decarbonatization or a policy of a low carbon economy. 
Thus, the government has a target for low fossil-fuel use 
along with low-greenhouse gas emissions. Therefore, if the 
government can implement these plans and introduce a carbon 
tax in Bangladesh, nuclear will be a better option than other 
fossil fuel alternatives for baseload uninterrupted power 
supply. Meanwhile, as a part of reducing CO2 emission, the 
government also has a plan to increase the share of renewable 
use, which may work as a constraint to nuclear expansion. 
However, as discussed earlier in developing countries, 
renewable energy may not suppress the demand for nuclear 
electricity due to baseload uninterrupted power supply.

The electricity market of Bangladesh is highly regulated and 
centralized by the Ministry of Power and Bangladesh Power Devel-
opment Board (BPDB). Hence, as only transmitter and distributor 
and supplier of electricity, nuclear electricity may be a good option 
in the short run. In the long run, deregulation and privatization 
of the power sector may take place. At that stage, carbon tax and 
other environmental regulations may make nuclear a profitable 
option compared to other electricity sources. Furthermore, nuclear 
technology requires highly skilled workers. Currently, Bangladesh 
entirely depends on Russian technological support. Hence, in the 
short run, this intuitional setup may work well. However, in the 
long run, if government wants to expand its nuclear production, it 
should arrange full technological support and necessary training 
facilities for skilled workers at the domestic level.

This study only estimates the LCOE of nuclear power in 
the context of Rooppur, Bangladesh, and Kudankulam, India, 
then compares them. Further research may explore the LCOE 
of other vital sources of electricity production in Bangladesh, 
such as coal, solar, HFO, HSD, and others. That will provide a 
complete picture of the cost of producing electricity in terms 
of LCOE in Bangladesh and help policymakers set their future 
energy policy and electricity production targets.
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