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Abstract
SMR NPP is an alternative to overcome the dependency to diesel power plant especially in 
outside Java Bali system. Economic analysis is a crucial thing that should be done prior to any 
investment decision on the SMR NPP project and generally done by calculation of Levelized 
Unit Electricity Cost (LUEC). NPP projects, include SMR, are vulnerable to a number of 
uncertainty variables. The goal of this study was to perform economic analysis of SMR NPP 
project with capacity 2 x 100 MWe in Indonesia by incorporating an amount of uncertainty 
variables, namely the probabilistic approach. The research method is calculating LUEC with 
deterministic approach followed by the probabilistic approach. Probabilistic approach is 
done by simulating the effect of uncertainty variable on LUEC using Monte Carlo simulation 
technique. The results show that the deterministic approach with a discount rate of 10% 
obtained LUEC at 12.87 cents US$/kWh. Whereas the probabilistic approach obtained LUEC 
of 13.10 plus minus 1.43 cents USD/kWh at a discount rate of 10% and amounted to 8.11 plus 
minus 0.88 cents USD/kWh at a discount rate of 5%. calculation in deterministic approach 
was  12.87 cents USD/kWh. While LUEC as the results of uncertainty variables simulation 
on probabilistic approach were 13.10 ± 1.43 cents USD/ kWh on discount rate 10% and 8.11 
± 0.88 cents USD/kWh on discount rate 5%. Occurrence probability of LUEC is less than 13 
cents USD/kWh (benchmark value) was about 100% on discount rate of 5% and  50% on 
discount rate of 10%.
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1. Introduction
The main characteristics of the electricity system outside Java-Bali are: limited grid (isolated 
areas) and still dominated by diesel power plants. Currently there are 4,640 units existing 
power plant, approximately 4,368 units (94.14%) were diesel with an installed capacity 
reached to 36.94% of the total capacity [1]. Fuel price fluctuation as well as fuel supply 
chain up to the diesel location become a problem that lead to the high cost of electricity 
power generation in this region. Small Medium Reactor (SMR) could be an alternative to 
overcome the dependency of isolated areas to oil-fired power plants, because this reactor 
type was focused on the limited grid region [2,3]. The category of SMR encompasses the 
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designs below 700 MWe, but new design layout and concepts are made possible by smaller 
size (i.e., from 350 MWe downwards) [2, 4, 5]. SMRs competitiveness lies on the higher degree 
of innovation implemented in their designs, improvement of safety aspects, as well as the 
lower initial capital costs compared to  the large ones (although the unit cost USD/kWe higher 
at SMR NPP) [3, 6].

Economic analysis of electricity generation projects, generally done by calculating Levelized 
Unit Electricity Cost (LUEC), was crucial to be done prior to any investment decision on the 
SMR NPP project [7]. NPP project (include SMRs) are vulnerable to a number of uncertainties. 
Therefore an approach which is able to accommodate the possibility of these uncertainties 
was needed, namely probabilistic analysis [8,9].

There are many studies related to probabilistic analysis on electricity generation project 
[3, 10, 11, 12, 13]. This study focused on the SMR with specificity of Indonesia condition 
(infrastructure obstacle, payroll standard referring to PT PLN (Persero), etc.) [14]. Therefore the 
purpose of this study was to analyze the economics of SMR project in Indonesia considering the 
possibility of uncertainties. Study was conducted on SMR NPP 2 x 100 MWe. In this study, LUEC 
calculation performed by the deterministic approach first and then followed by the probabilistic 
approach. Probabilistic approach was done by simulating the effect of uncertainty variables 
simultaneously to LUEC. The probabilistic analysis performed by the Monte Carlo simulation 
techniques. Monte Carlo simulation is preceded by the development of a deterministic model 
that maps set of input variables to a set of output variables with some equations.

2. Methodology
Levelized Unit Electricity Cost (LUEC)

LUEC is the constant unit cost (per kWh) of a payment stream that has the same present value 
as the total cost of building and operating a generating plant over its life [7]. Mathematically, 
the calculation of NPP LUEC expressed by equation (1) [18]:

    (1)

With:
Electricityt      : electricity production on year “t”
LUEC            : Levelized Unit Electricity Cost
Investmentt     : investment cost on year “t”
O&Mt     : Operation& maintenance cost on year “t”
Fuelt     : Nuclear fuel cost on year “t”
Decommisioningt : Decommisioning cost on year “t”

Based on engineering economic principle, equation (1) shows that basically LUEC is the 
quotient between the sum of all cost component and the sum of electricity production which 
was discounted to present value [19].

Monte Carlo Simulation

Monte Carlo simulation is defined as a statistical sampling technique used to estimate the 
solutions of the quantitative problems [15]. Monte Carlo simulation is preceded by the 
development of a deterministic model that maps set of input variables to a set of output 
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variables with some equations. Furthermore, the deterministic model evaluated repeatedly 
with random numbers as input [16]. Repetition (iteration) is performed many times to ensure 
the robustness of the results [3, 17]. Because the evaluation was done repeatedly then there 
was an uncertainty propagationas the basic principle of Monte Carlo simulation [18]. Scheme of 
deterministic model and uncertainty propagation could be seen in Figure 1 and Figure 2.

Figure 1: Deterministic Model [16].

Figure 2: Uncertainty Propagation [16].

Steps of Study

The phases of study are as follows: 
- Data gathering (technical and economic) that are required in the economic analysis
- Establish the necessary assumptions in the calculation
- Updating cost account data to the reference year (assumed in 2012)
-  Calculating LUEC using deterministic models by using Mini G4ECONS, spreadsheet-based 

software from International Atomic Energy Agency (IAEA) [20].
- Distribution assignment of the uncertainty variables
- Simulating the uncertainty variables to the output (LUEC) by using @Risk [21].
- Analysis of the results and conclusion

3. Data and Assumptions
Technical and Economics Parameters of Reference NPP

Some techno-economic parameters of SMR NPP under study are shown at Table1.

Table 1: Techno-Economic Parameters of SMR NPP.

No Parameters Unit Value

1 Capacity MW 2 x 100

2 Capacity Factors % 93[22]

3 Annually power production MWh 1,629,360,000

4 Burn Up MWd per metric tonne U235 60,000

5 Discount rate % 10

6 Construction time Year 5

7 Project lifetime Year 40

8 Exchange rate Rp per USD 12,000,-[23]

9 interest rate % 3.27[ 24]
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Structure of Electricity Generation Cost

a. Investment Cost
The investment cost of nuclear power plants is often called as Overnight Cost that consisting 
of: EPC costs (Engineering Procurement Construction), development costs and other costs [15]. 
Table 2 states the SMR NPP overnight cost from several studies that have been converted to 
reference year with Power Capital Cost Index (PCCI) [25].

Table 2: Overnight Cost (OC) of SMR from Several Studies.

No Year Reference OC (USD/kWe)

1 2010 Electric Power Research Institute:’Typical SMR’ [26] 5,000 – 5,400

2 2011 Nuclear Energy Agency: ‘4 x PWR-335’ [26] 4,900 – 5,300

3 2011 Nuclear Energy Agency: ‘5 x PWR-125’ [26] 6,800 – 8,300

4 2010 SMR Generic Estimated Cost [27] 4,979 – 5,393

5 2009 HTR (GIF-INPRO) [28] 6,392 – 10,422

Table 3: Fixed O&M Cost SMR NPP.

No Details Value (USD)

1 Personnel Cost 2,074,517

2 Maintenance Cost (include decommissioning 
cost) 15,804,792

3 Property Tax 10,553

4 Insurance Cost 488,808

Overnight cost data in Table 2 is in the form of interval, then simulation techniques was 
performed to get the most probable value that can represent these values. From simulation, 
the most probable value is 6,288 USD/ kWe (approximation to 6,300 USD/ kWe) or overnight 
cost is USD 1.26 billion. It was assumed that approximately 85% of this value would be EPC 
Cost, which is about USD 1.07 billion. Furthermore, taking into account the infrastructure 
obstacle related to the construction of nuclear power plants in Indonesia, there is an 
expensiveness factor whose value is approximately 15% of the EPC Cost. In addition, it 
is also considered a number of supplementary budgets (often termed as a contingency 
cost) that is approximately 20% of EPC Cost. Due to the infrastructure obstacle and the 
contingency cost, the total investment cost obtained for SMR 2 x 100 MWe is about USD 
1,634,850,000. 

b. Operation & Maintenance (O&M Cost)
O & M Cost is the cost required to run the routine operation of NPP, divided into two: fixed O&M 
Cost and variable O&M Cost. Table 3 shows the structure of fixed O & M Cost [14, 22]. While 
variable O & M costs was assumed approximately to 0.6030 USD/ MWh [29].

c. Nuclear Fuel Cost
Table 4 shows the data of components of nuclear fuel cost. These costs are escalated to the 
first year of operation with escalation rate of 0,5% (assumed to begin construction in 2019) [3].
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Distribution Assignment 

Several input variables that potentially cause uncertainty on LUEC, which are: investment cost, 
price of Natural Uranium (U3O8), enrichment cost, fixed and variable O&M cost, capacity factor 
and construction time [30]. Those variables were simulated simultaneously and furthermore 
their influence on LUEC could be seen.

There are three techniques in the distribution assignment. In case the historical data 
is available, the fitted distribution technique could be used. But, if the historical data is not 
available, generally researchers use literature approach and expert judgment. And if both of 
those techniques are not available, the final alternative used is assumption utilization [31]. 
Table 5 shows the result of uncertainty variables that affect the LUEC of SMR NPP.

Table 4: Details components of Nuclear Fuel Cost (USD) [30].

Details of components Price in 2012 Total Fuel Cost

Price of U3O8 130 1,386

Conversion cost (U3O8to UF6) 11 104

Enrichment 120 1,207

Fabrication 240 256

Total Fuel Cost (USD/kg U235) 2,953

Table 5: Distribution Assignment of Uncertainty Variables.

No Uncertainty Variables Type of Distribution Note

1 Investment Cost

Triangular
Fitted distribution of 

historical data
minimum = 4,845;

most likely = 6,300;
maximum = 8,469

2 Price of natural Uranium 
(U3O8)

Pearson5
Rothwell [30]

α = 1.5420; β = 28.437

3 Enrichment
Normal

Rothwell [30]
139.740± 22.216

4 Fixed O&M Cost
Extvalue

Fitted distribution of 
historical dataMean  = 90.1677;

Std dev = 7.2447

5 Variable O&M Cost
Logistic Fitted distribution of 

historical dataα = 0.620609,β= 0.023733

6 Capacity Factor

Triangular
minimum=0.88650;

most likely = 0.92593; 
maximum = 0.99191

Fitted distribution of 
historical data

4. Result and Discussion
The Result of LUEC Calculation on Deterministic Model

In the calculation of LUEC using Mini G4ECONS models, the investment cost was disbursed 
during the construction period (investment disbursement). Furthermore, the investment cost 
was discounted at a certain interest rate to the Commercial Operation Date (COD). COD is 
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the time at which the plant will be in commercial operation, so COD became the basis of the 
calculation. Considering the investment cost has been spent before the operation periods of 
the plant, then in LUEC calculation this investment  cost should be discounted with a certain 
discount rate along lifetime of plants with a certain discount rate so that it become the annual 
value. The formula used for discounting the investment cost over the project lifetime is [7]:

              (2)

with:

AI: Annual Investment)   r : discount rate 
I   : Total investment cost in year COD n : Plant lifetime

The notation of was called as fixed charge rate for capital levelization [7]. This 
annuity value is then divided by the total annual energy generated in order to obtain levelized 
investment costs that is expressed in USD/ kWh. Other constituent components of electricity 
generation cost (O&M cost, nuclear fuel cost) were also converted into levelized O&M Cost and 
levelized nuclear fuel cost (expressed in USD/kWh). Furthermore, the sum of all constituent 
components of electricity generation cost was called as levelized unit electricity cost (LUEC). 
The result of LUEC was presented in Table 6.

Table 6: The Result of LUEC Calculation on SMR NPP 2 x 100 MWe (cents USD/kWh).

Note Value Percentage

LUEC 12.87

Investment Cost 11.15 86.66%

O & M Cost 1.19 9.22%

Fuel Cost 0.53 4.10%

Decommisioning Cost 0.0015 0.01%

Table 7: The Result of Simulations of Uncertainty Variables to LUEC (cents USD/kWh).

Statistic Discount rate 10% Discount rate 5%

Minimum 10.06 6.25

Maximum 26.14 18.61

Average 13.10 8.11

Standard deviation 1.43 0.88

The result on Table 6 shows that LUEC of SMR NPP 2 x 10 MWe is 12.87 cents USD/kWh. 
Based on the percentage of each of the LUEC component, it could be seen that investment 
cost has the largest share in the LUEC structure (more than 80%). It is consistent with the LUEC 
composition of NPP construction experience with technology from AREVA[32].

The Result of Simulation on Uncertainty Variables to LUEC of SMR NPP

Simulations were performed on two discount rate value (10% and 5%) with 1000 number of 
iterations. Selection of the discount rate were based on the consideration that 5% represents 
value for OECD (Organization for Economic Co-operation Development) countries and 10% for 
non OECD [18]. Table 7 shows the simulation results of uncertainty variables to LUEC of SMR NPP.
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Based on Table 6 and 7, it could be seen that there was a difference on LUEC value 
between deterministic analysis and probabilistic analysis. In deterministic analysis (Table 
6), LUEC value is in the form of single value (which is 12.87 centss USD/kWh). While in 
probabilistic analysis (Table 7), LUEC value is in the form of a distribution function of LUEC 
with a certain minimum, maximum and average value. But based on the statistical rules, 
LUEC value as simulation results (probabilistic analysis) can be assumed centered on the 
average value ± standard deviation [33]. Therefore at discount rate of 10%, LUEC value as 
simulation results would be at value of 13.10 ±1.43 cents USD/ kWh, while at a discount 
rate of 5% would be at value of 8.11 ± 0.88 cents USD/kWh.It means that at discount rate 
of 10%, LUEC value as simulation results will be centered on the value of 11.67 until 14.53 
cents USD/kWh, while at discount rate of 5% will be on the value of 7.23 until 8.98 cents 
USD/ kWh. If the uncertainty variables aren’t well monitored, then the LUEC value will be 
able to reach for the average plus standard deviation (14.53 cents USD/kWh at a discount 
rate of 10% and 8.98 cents USD/kWh at a discount rate of 5%). The LUEC value which 
reaches for the average plus standard deviation is termed as risk adjusted LUEC [30]. In the 
opposite, if the uncertainty variables are monitored properly, then the LUEC value will be 
able to reach for the average minus standard deviation (11.67 cents USD/kWh at a discount 
rate of 10% and 7.23 cents USD/kWh at a discount rate of 5%). These results indicate 
that if the uncertainty variables are not monitored properly, it will very likely lead to cost 
overruns on generation costs. Therefore, policies that allow to monitor such uncertainty 
variables were needed.

Figures 3 and 4 shows the tornado diagram as simulation results of the uncertainty 
variables to LUEC at a discount rate of 5% and 10% respectively.

Figure 3: Tornado Diagram of SMR NPP LUEC PLTN SMR on Discount rate of 5%.

Figure 4: Tornado Diagram of SMR NPP LUEC on Discount rate of 10%.
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Based on both figures, it can be seen that the investment cost has the largest coefficient 
value on both of the discount rate, this indicates that it is a very important variable to be 
monitored. Policies that allow to reduce the investment cost will contribute in lowering the 
LUEC value of SMR, for example by increasing the portion of national industrial participation in 
the project.

Figure 5 shows the cumulative distribution function (CDF) of simulation results of the 
uncertainty variables to SMR LUEC (in unit of mills USD/kWh) at discount rate of 10% and 
5%. The CDF in Figure 5 is used to determine the probability of occurrence that LUEC value is 
less than the benchmark value. The benchmark value is the LUEC value that will be assigned 
as the selling price of electricity from NPP company to utility company (PT PLN (Persero)) 
as agreed in the PPA (Power Purchase Agreement). SMR NPP is projected to be built in 
isolated area, as an alternative solution for the high cost of generation (generally diesel 
power plants were used) due to the high price of oil. Based on information from PLN, it is 
known that the price of electricity in isolated areas generally is about 12 cents USD/ kWh. 
Taking into account SMR is a relatively new technology for Indonesia, it is assumed that the 
benchmark value of LUEC for SMR is slightly more expensive at 13 cents USD/ kWh or 130 
mills USD/kWh.

Based on Figure 5 shows that the occurrence probability of SMR LUEC is less than 13 cents 
USD/kWh for discount rate 5% is approximately 100%, while at the discount rate of 10% the 
occurrence probability of LUEC is less than 13 cents USD/kWh is only about 50%. These results 
indicate a need for a strong commitment from the government to provide a government 
guarantee on SMR NPP project, such as manifested by using low/ social discount rate. By 
decreasing in discount rate (from 10% to 5%), the occurrence probability of SMR LUEC is less 
than benchmark value will increase (from 50% to 100%) so it is expected that SMR NPP can 
compete with other power plants in outside Java-Bali System.

Figure 5: Cumulative Distribution Function (CDF) of SMR NPP LUEC as Result of Simulation on Uncertainty 
Variables.

5. Conclusion
Probabilistic analysis was proved to be able in accommodating the possibility of an amount 
of uncertainty variables occurrence in the SMR NPP project. The result of LUEC calculation 
with deterministic approach was amounted to 12.87 cents USD/ kWh. While the LUEC value 
as simulation results of uncertainty variables (probabilistic approach) was amounted to 13.10 
±1.43 cents USD/ kWh at a discount rate of 10% and of 8.11 ± 0.88 cents USD/kWh at a discount 
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rate of 5%. Variables that affect LUEC uncertainties should be monitored properly so that the 
occurrence of cost overruns on electricity generation cost could be avoided. The occurrence 
probability of LUEC is less than 13 cents USD/kWh (benchmark value) is approximately 100% at 
a discount rate of 5% and 50% at a discount rate of 10%.
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