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Abstract 

A top-down cost-estimation of the Canadian Super-Critical Water-cooled Reactor 

(SCWR) concept has been performed using the methodology developed by the 

Generation-IV International Forum (GIF)  Economic Modelling Working Group (EMWG).  

This methodology establishes two figures of merit; the Total Capital Investment Cost 

(TCIC) and the Levelized Unit Energy Cost (LUEC).  The calculations are based on 

2007 United States dollars and assume an nth-of-a-kind (NOAK) Canadian SCWR.  The 

analysis considers capital costs, operating and maintenance costs, fuel costs and 

decommissioning costs in estimating TCIC and LUEC for the Canadian SCWR concept.  

Sensitivity analyses of the two figures of merit with respect to the uncertainties in the 

cost assumptions have been carried out to identify key factors affecting the estimates.  

Limitations of the methodology are discussed.   

Keywords:  Super-Critical Water-cooled Reactor, Generation IV, Economics, Levelised 

Unit Energy Cost, Total Capital Investment Cost, G4-ECONS  
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1 Introduction 

In 2001, Canada, along with nine other countries, formed the Generation-IV 

International Forum (GIF) [2].  This forum endorsed six advanced nuclear energy 

systems for development through multi-lateral collaborations.  GIF established specific 

technology goals to assess each nuclear energy system.  These technology goals focus 

on sustainability, safety and reliability, proliferation resistance and physical protection, 

and economics [2]. 

Economic viability is an important consideration for the Generation IV nuclear energy 

system concepts.  The GIF economic goals are defined in terms of two figures of merit 

[2]: 

1. Total Capital Investment Cost (TCIC), measured in $/kWe, is used to determine if 

the financial risk of the advanced nuclear energy system is comparable to other 

energy projects.  

2. Levelised Unit Energy Cost (LUEC), measured in $/MWh, is used to determine if 

there is a life cycle cost advantage over other energy sources. 

Several tools have been created to perform an economic analysis of different nuclear 

energy systems.  The GIF Economic Modeling Working Group (EMWG) was 

established with a goal to identify a methodology and toolkit flexible enough to support 

the analysis of a wide variety of reactor technologies at different stages of development 

and technical maturity [4].  Upon review of the existing economic assessment 

methodologies, the EMWG chose to create the Generation 4 Excel-based Calculation of 
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Nuclear Systems (G4-ECONS) model [3], supported by a comprehensive set of 

guidelines for estimating costs [5].   

Canada is pursuing one of six Generation IV reactor systems, namely, the Super-

Critical Water-cooled Reactor (SCWR) [1].  The main advantages of using supercritical 

water (SCW) as the coolant in nuclear reactors are: to increase the thermal efficiency 

over that of currently operating NPPs in order to decrease capital and operational costs, 

and to decrease electrical energy costs.  An economic analysis was performed to 

determine the competitiveness of the Canadian SCWR as compared with current 

Generation III nuclear systems.  The objective of this paper is to present the economic 

analysis result of the Canadian SCWR concept nuclear systems. 

2. Canadian SCWR Concept 

Canada is developing the Canadian SCWR concept, which has evolved from the well-

established pressure-tube type CANDU® reactor.  The Canadian SCWR is designed to 

produce electrical energy as the main product, plus process heat, hydrogen, industrial 

isotopes, and drinking water (through the desalination process) as supplementary 

products, all within a more compact reactor building.  Another potential application of 

the available co-generated process heat is the extraction and refining of oil sands, 

which is presently achieved using co-generation with natural gas turbines and process 

heat.   

The Canadian SCWR concept (Figure 1) consists of 336 fuel channels, each housing a 

5-m long fuel assembly [11].  It is designed to generate 2540 MW of thermal power and 
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about 1200 MW of electric power (based on a 48% thermodynamic cycle efficiency of 

the plant) at an operating pressure of 25 MPa and outlet temperature of 625 °C.  As 

shown in Figure 1, light water coolant enters the inlet plenum, through inlet nozzles 

(inlet pipes are not shown) and then enters the fuel channels, which are connected to 

the tubesheet at the bottom of the inlet plenum.  The top of the inlet plenum is 

removable for refuelling.  The tubesheet at the bottom of the inlet plenum is machined to 

form a square array of holes about the same size as the pressure tubes.  The pressure 

tubes, made of a zirconium alloy, are attached to the tubesheet. 

FIGURE 1:  Canadian SCWR Concept Drawing [11] 
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Light water coolant from the inlet plenum flows down the central flow tube of the fuel 

assembly, reversing direction at the bottom and flowing upward cooling the fuel 

assembly and extracting heat.  The coolant exiting from the fuel assemblies is collected 

in the outlet header at an average temperature of 625ºC chosen specifically to match 

SCW turbines being used and developed for thermal power plants. 

The calandria vessel holds low-pressure and low-temperature heavy-water moderator 

surrounding the fuel channels.  It is a relatively low-pressure tank containing fuel 

channels, moderator, reactivity control mechanisms and emergency shutdown devices.  

Control and shut-down rods are installed from the side of the calandria vessel.  A 

second shut-down system would also be installed providing gadolinium injection at 

various levels of the calandria vessel.   

The reference fuel-channel design consists of a test-tube shaped zirconium-alloy 

pressure tube and an extension connecting the pressure tube to the outlet header.  The 

pressure tube is designed to withstand the high coolant pressure, but directly contacts 

the moderator, thereby maintaining it at a low temperature (~100°C).    

The Canadian SCWR fuel assembly concept is a flask-like structure consisting of a fuel 

bundle, cladded insulator and the outlet-flow channel.  The fuel bundle has two 

concentric rings of fuel each with 32 fuel elements and a central flow tube for the inlet 

flow to travel down (Figure 2).  The reference fuel composition is a mix of plutonium 

(average 13%) and thorium in each pellet.  With the high neutron economy of the heavy 

water moderator, other fuel mixes can also be accommodated.  Studies have 

demonstrated the feasibility of using low enriched uranium (LEU) of 7%, a mix of LEU at 
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7.5% with Th, a mix of transuranics (TRU) at 21 wt% with Th, and a mix of Pu at 8%, Th 

and U-233 (at 2 wt%) extracted from the SCWR fuel.  The insulator thermally protects 

the pressure tube from the higher temperature bulk fluid flowing through the fuel bundle.  

It is made of Yttrium-Stabilized Zirconia (YSZ), which is refractory, has low neutron 

absorption properties and excellent resistance to neutron damage.   

FIGURE 2:  Canadian SCWR Fuel Assembly Concept 

 

3 The G4-ECONS Tool 

The G4-ECONS tool is a Microsoft Excel based tool that has been developed for 

economic analyses of various Generation IV systems.  The economic models 

development was guided by four main requirements; simplicity, universality, 

transparency and adaptability.  Therefore, the tool was made to be reasonably generic 

and has the ability to accept projected and actual input data; model open and closed 
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fuel cycles; and is suitable for international use (no country specific taxation laws or 

economic practices).   

The G4-ECONS tool calculates the TCIC, LUEC, and levelised unit product cost (LUPC, 

for non-electricity applications) of different nuclear energy systems, based on the 

equilibrium fuel cycle, for the purpose of comparing technologies on a level playing field.  

The G4-ECONS tool does not calculate profitability parameters required for making 

investment or deployment decisions.   

Within the tool, several sample cases are provided including Generation III and 

Generation IV reactor technologies.  These cases conform to assumptions and 

algorithms described in the Cost Estimating Guidelines [5], demonstrating the close ties 

between the G4-ECONS tool and the Cost Estimating Guidelines.   

A benchmarking of the G4-ECONS tool was performed against the Nuclear Economics 

Support Tool (NEST) developed in by the International Project on Innovative Nuclear 

Reactors and Fuel Cycles (INPRO) of the International Atomic Energy Agency (IAEA), 

Massachusetts Institute of Technology (MIT) and Harvard University. Both tools, G4-

ECONS and NEST, calculate the TCIC and LUEC as the primary figures of merit to 

compare energy systems.  The LUEC results of the two models demonstrated good 

alignment, with a difference of approximately 0.5% for a pressure-vessel type 

supercritical light water reactor with a once-through uranium fuel cycle [6].  However, 

the NEST tool includes three other user requirements: attractiveness for investment, 

risk acceptability, and flexibility of design [7].  To assess a reactor concept against these 

additional user requirements, the NEST tool requires more details than currently 
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available for some Generation IV system concepts, which are in early stage of 

development.  Therefore, the NEST tool may not be suitable for all Generation IV 

nuclear energy systems. 

There are two previous applications of the G4-ECONS tool for SCWR which further 

demonstrate its suitability. First, an economic analysis was performed benchmarking six 

Generation IV reactors against a Generation III LWR.  It followed the GIF Cost 

Estimating Guidelines, utilizing the G4-ECONS tool, to perform a high level comparison 

of the different technologies, in which the SCWR concept performed favourably.  

Although there were some concerns regarding the capital cost estimation methodology, 

this early application of the G4-ECONS demonstrated the tools ability to compare a 

diverse set of nuclear energy systems that are at various stages of development.  The 

analysis result was presented in the 2012 GIF symposium annual report [8]. 

The second application was an economic analysis of the European High Performance 

Light Water Reactor (HPLWR), which was published in 2012 [9].  Although this analysis 

did not use the G4-ECONS tool, it followed the GIF Cost Estimating Guidelines.  The 

information was later analyzed using the G4-ECONS tool to verify the results [10].  This 

cost estimate was performed at a very high level, as limited information was available 

for the concept.  It clearly showed the importance of a sensitivity analysis of the major 

input parameters.   
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4 Economic Analysis Methodology for the Canadian SCWR Concept 

The economic analysis of the Canadian SCWR concept was performed using the G4-

ECONS tool [3] and the GIF Cost Estimating Guidelines [5].  All monetary values are 

reported in 2007 United States dollars (2007 US$) and an nth-of-a-kind (NOAK) 

Canadian SCWR is assumed (when at least 8 GWe power has already been 

installed/operated [5]).  The analysis considers capital costs, operating and 

maintenance costs, fuel costs and decommissioning costs, resulting in TCIC and LUEC 

estimates for the Canadian SCWR concept.  A sensitivity analysis was also performed 

to quantify the magnitude of uncertainty for the estimates.  These results were then 

compared to economic estimates for Generation III reactors to evaluate the Canadian 

SCWR concept against the GIF economic goals.  

4.1 Capital Costs 

Overnight capital costs were divided into three categories:  (1) direct costs including 

materials, equipment and labour for reactor construction; (2) indirect capital costs 

including construction/engineering services and temporary infrastructure; and (3) 

supporting capital costs, also known as owner’s costs.  

Due to the Canadian SCWR concept’s early stage of development, capital costs were 

estimated based on a top-down estimating approach.  The GIF Cost Estimating 

Guidelines [5] recommends this approach during the early stages of design when there 

is insufficient information for the bottom-up approach.  The top-down approach uses a 

reference nuclear reactor, for which all costing information is known, as the basis for the 
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estimate.  The new reactor concept is then compared to the reference reactor to identify 

differences between the technologies.  The costs associated with these differences are 

then estimated based on the information available in the literature, and the reference 

costs are adjusted accordingly. 

The Advanced Boiling Water Reactor (ABWR) was selected as the reference reactor for 

estimating the cost of the Canadian SCWR concept because of some key similarities in 

design, as well as the availability of detailed cost information (Table 1) [12].    

TABLE 1:  Reference ABWR Capital Costs [12] 

Reference ABWR Costs [12] 

$ millions 

Equipment 
& Materials 

Labour Total 

D
ir

e
c

t 

Structures and Improvements 468 

  

Reactor Plant Equipment 830 

Turbine Plant Equipment 554 

Electric Plant Equipment 231 

Miscellaneous Plant Equipment 81 

Main Condenser Heat Reject System 35 

Total Direct Costs 2,199 856 3,055 

In
d

ir
e

c
t Construction Services 

300 676 976 Engineering Services 

Field Supervision Services 

S
u

p
p

o
rt

in
g

 

Owners Cost a   200 

Total Overnight Costs 4,231 

a Owners cost was not included in the ABWR estimate.  Therefore, the cost was 

estimated at 5% of the total capital cost of the reactor [13]. 
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Two simplifying assumptions were made: one, the years to construct the ABWR and the 

Canadian SCWR concept are equal; two, the direct labour costs and the indirect costs 

are proportionate to the direct equipment and materials costs.  Therefore, this analysis 

mainly focused on the differences in direct material and equipment costs between the 

reference ABWR and the Canadian SCWR concept.    

First, the direct equipment and materials costs are further sub-divided based on the cost 

breakdown provided by AREVA [14].  An example breakdown, for the reference ABWR 

structures and improvements direct equipment and materials capital cost, is shown in 

Table 2. 

TABLE 2:  Reference ABWR Structures & Improvements Direct Material & 

Equipment Capital Costs Breakdown 

Design Component 
% Cost for Reference 

ABWR [14] 
Reference ABWR 

Cost ($M) 

Reactor Containment 
Building 

50 234 

Containment Building 
Access 

5 23 

Secondary Containment 10 47 

Reactor Auxiliary Building 0 0 

Spent Fuel Pool 5 23 

Turbine Hall 10 47 

Auxiliary Systems 10 47 

Service Building 10 47 

Total  100 468 

Using the top-down approach, each design component for the reference ABWR is 

compared with equivalent component for the Canadian SCWR concept.  To better 
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illustrate the methodology, an example of the comparison for the reactor containment 

building is provided in Table 3. 

TABLE 3:  Comparison of Reactor Containment Building – Reference ABWR v. 

Canadian SCWR Concept 

Criteria Reference ABWR [12, 15] Canadian SCWR Concept 

Building style Reinforced concrete Reinforced concrete 

Contents 
Reactor, suppression pool, 

reactivity control mechanism 
and safety systems 

Reactor, suppression pool, 
reactivity control mechanism 

and safety systems 

Size 
Circular with a volume of 

23,800 m3 
Circular with a volume of 

15,700 m3 

Design containment 
pressure 

3.1 bar 5 bar 

The reactor containment building for the reference ABWR is estimated to cost $234 M 

(see Table 2).  Based on Table 3, there are two main differences in the reactor 

containment structures that will affect the cost of the Canadian SCWR concept.  First, 

since the Canadian SCWR concept reactor containment building is approximately 35% 

smaller than the reference ABWR building, it can be estimated that the equipment and 

materials cost will be 35% less.  Second, the higher design containment pressure for 

the Canadian SCWR concept will require the containment walls to be 40% thicker than 

the reference ABWR walls, increasing equipment and materials costs.  Overall, the 

Canadian SCWR concepts reactor containment building is estimated to cost $21 M less 

than the reference ABWR.  This approach was repeated for each component of direct 

capital costs that the ABWR and the Canadian SCWR concept have in common.  

However, most generation IV reactor concepts incorporate some unique features, which 

are not seen in generation III reactors, to achieve improvements in the suitability, safety 
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and reliability, proliferation resistance and physical protection, and/or economics goals 

as defined by GIF.  In these cases, the top-down approach may not be appropriate, as 

the equipment and materials for the reference reactor and the concept may not be 

comparable.  In these instances, the cost for the Canadian SCWR concept was 

estimated based on the expert knowledge of the scientists and engineers who are 

developing the concept.   

The final overnight direct equipment and materials capital costs for the Canadian SCWR 

concept, based on the component breakdown and expert analysis, are summarized in 

Table 4 below. 

TABLE 4:  Canadian SCWR Concept Direct Materials & Equipment Capital Costs 

Canadian SCWR Concept Costs 

$ millions 

Equipment 
and Materials 

D
ir

e
c

t 

Structures and Improvements 477 

Reactor Plant Equipment 715 

Turbine Plant Equipment 378 

Electric Plant Equipment 231 

Miscellaneous Plant 
Equipment 

81 

Main Condenser Heat Reject 
System 

35 

Special Material b 135 

Total 2,052 

b Special material includes the costs for the heavy water moderator required for 

 the Canadian SCWR concept. 
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The overnight direct equipment and materials capital costs for the reference ABWR 

equal $2,199 M as detailed in Table 1.  Therefore, the direct equipment and materials 

capital costs for the Canadian SCWR concept are 6.67% less than the equivalent 

reference ABWR costs.  

The reference ABWR estimate for direct labour and indirect capital costs are $856 M 

and $976 M respectively (see Table 1).  These capital costs are assumed to be 

proportionate to the direct equipment and materials capital costs.  Therefore, based on 

the 6.67% decrease in direct equipment and materials capital costs, the direct labour 

costs were estimated at $800 M, and the indirect capital costs were estimated at 

$910 M for the Canadian SCWR concept. 

Little information was available on the supporting capital costs for the reference ABWR.  

Therefore, the cost estimate was based on a document published by the Energy Policy 

Institute at Chicago (EPIC) [13], which estimates owners’ costs at 5% of the total capital 

cost of a reactor; $200 M for the reference ABWR, and $190 M for the Canadian SCWR 

concept.  

The total overnight costs for both reactors are recorded in Table 5 below.  

TABLE 5:  Total Overnight Capital Costs 

Input Parameter ($ M) Reference ABWR Canadian SCWR Concept 

Direct Capital Costs 3,078 2,852 

Indirect Capital Costs 976 910 

Supporting Capital Costs 200 190 

Total 4,254 3,952 

4.2 Operating and Maintenance Costs 



AECL Nuclear Review  UNRESTRICTED 
CW-505100-CONF-003 

Rev. 0 

 

Operations costs include salary and compensation, maintenance, capital improvement, 

taxes, insurance and other miscellaneous overhead costs.  The reference ABWR was a 

construction plan that was never realized; therefore actual operating costs do not exist.  

However, the annual operating costs of a generic pressurized water reactor are 

estimated at $95 M, plus 0.1% of direct capital costs for average annual capital 

replacement [3].  This estimate was used for both the reference ABWR and the 

Canadian SCWR concept.  It is possible that the Canadian SCWR concept could offer 

savings in operating and maintenance due to its improved safety and reliability, however 

it is too early in development to quantify the benefits.   

4.3 Fuel Costs 

Historically fuel costs have accounted for a very small portion of the LUEC for a nuclear 

power reactor.  However, for some Generation IV technologies that utilize advanced fuel 

concepts, fuel costs are becoming increasingly more important.  

The Canadian SCWR concept employs an advanced once through plutonium-thorium 

fuel cycle.  This fuel cycle is sufficiently different from the reference ABWR fuel cycle 

that the top down approach is not appropriate.  Therefore, the fuel costs for the 

Canadian SCWR concept are estimated using the bottom-up method.  

The bottom-up method involved determining the unit cost & volumes of the required 

material and processes.  Idaho National Laboratory’s “Advanced Fuel Cycle Cost Basis” 

report [14] contains many of the unit costs required to perform a bottom-up analysis of 

the fuel cycle. 
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For the Canadian SCWR concept, the following costs from [14] were used: 

• cost of Th, 

• cost of fuel fabrication, and 

• cost of used nuclear fuel (UNF) temporary and permanent deep geologic 

repository (DGR) storage. 

The “Advanced Fuel Cycle Cost Basis” report does not include an estimate for 

plutonium, therefore the cost of plutonium was derived from the processes required to 

extract it.  Since plutonium does not occur naturally, the UNF from other reactors (i.e., 

pressurized light water reactors (PWRs)) must be reprocessed to extract the required 

plutonium. In this analysis, a two-stage UNF reprocessing scheme was assumed.   

1. The UNF from the PWRs is reprocessed using a fluoride volatility technique to 

remove 95% of the uranium (U).  The reprocessed uranium is sold, assuming a 

value equal to natural uranium ore, to recoup some of the reprocessing costs.  

2. The remaining mixture of U, Pu, minor actinides, and fission products is 

reprocessed using aqueous methods (with 95% efficiency for Pu extraction), to 

extract the Pu needed for the Canadian SCWR concept.   

4.4 Decommissioning 

For the purpose of this economic analysis, it is assumed that the Canadian SCWR 

could be demonstrated by 2030 [2].  Assuming an additional 10 years until commercial 

operation, and a 60 year life, the first Canadian SCWR would not be decommissioned 

until at least 2100.  By this time a large number of generation III reactors would have 
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been decommissioned, significantly increasing the worlds’ decommissioning knowledge 

and expertise.  However, it is unclear how this learning will affect the decommissioning 

of the SCWR, therefore neither the top-down nor bottom-up estimating approaches are 

appropriate.  In this case a general rule of thumb, included in the GIF Cost Estimating 

Guidelines, which says decommissioning costs can be assumed to be 33% of the direct 

capital costs was used [5]. 

 5 Economic Analysis Results and Discussion 

5.1 Total Capital Investment Cost 

The total capital investment cost (TCIC) is one of the metrics defined by GIF to measure 

the economic viability of Generation IV reactors.  The TCIC is used as a measure of the 

financial risk of the reactor concept, considering the overnight cost, the time to 

construct, and the interest rate during construction.  The Canadian SCWR concepts 

TCIC was calculated by the G4-ECONS model to be $3,863/kWe, with the interest rate 

during construction set at 5% to reflect a stable operating environment with government 

financing.  In comparison, the G4-ECONS model estimated the TCIC of the reference 

ABWR to be $3,610/kWe.  

However, the reference ABWR is from a 2003 estimate and does not meet some of the 

new regulation and safety requirements post-Fukushima.  Therefore, the reference 

ABWR costs could be an underestimate of the cost to build an ABWR today, and may 

not be a fair comparison with the Canadian SCWR concept estimate that did include 

these requirements.  Comparing the costs of various Generation III reactors, included in 
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Table 6 below, an NOAK Canadian SCWR is expected to have a financial risk that is 

comparable to other generation III nuclear reactors, therefore meeting GIF’s first 

economic goal. 

TABLE 6:  TCIC Estimates for Reactor Installations 

Reactor Technology TCIC ($/kWe) Currency In 2014 US$c 

Canadian SCWR concept 3,863 2007 US$ 4,411 

Reference ABWR 3,610 2007 US$ 4,122 

AP 1000 Regulatory Filing Estimate [13] 4,210 2010 US$ 4,571 

AP 1000 Estimate[16] 4,400 2011 US$ 4,632 

Summer AP 1000 Installation [17]  4,675 2014 US$ 4,675 

Vogtle AP 1000 Installation [18]  3,072 2014 US$ 3,072 

c Escalation based on average annual consumer price index. 

5.2 Levelised Unit Energy Cost 

The levelised unit energy cost (LUEC) is another metric defined by GIF to measure the 

economic viability of generation IV reactors.  The LUEC measures the life cycle cost of 

a reactor in $/MWh.  A life cycle cost advantage exists when the LUEC of the reactor 

concept is less than the LUEC of comparable energy systems.   

The G4-ECONS tool calculates the LUEC in five separate variables which can be added 

together to determine the reactors total LUEC (Table 7). 

TABLE 7:  LUEC of the Canadian SCWR Concept vs. the Reference ABWR 

LUEC ($/MWh, 2007 US$) Canadian SCWR Concept Reference ABWR 

Capital (including financing) 25.89 24.19 

Operation and Maintenance 10.55 9.07 

Fuel Cycle – Front End 6.87 3.35 
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Fuel Cycle – Back End 7.87 2.04 

Decontamination and 
Decommissioning (D&D) 

0.29 0.27 

Total 51.40 38.92 

Compared to the reference ABWR, the Canadian SCWR concept appears to have a 

substantially higher LUEC.  This is a result of three key factors: 

1. The reference ABWR’s capital costs were underestimated.  

2. The Canadian SCWR concepts net electrical output is 194 MWe less than the 

reference ABWR, however the total operation and maintenance costs are 

assumed to be same.  Therefore, the operation and maintenance cost per MWh 

is higher for the SCWR. 

3. The Canadian SCWR concept relies on Pu as the fissionable component in its 

fuel. Therefore, reprocessing is required to extract the Pu from UNF.  This 

additional cost is captured in the ‘Fuel Cycle – Back End’, which is approximately 

$5/MWh higher for the Canadian SCWR concept compared to the reference 

ABWR.  No credit was assumed for the reduced disposal costs due to 

reprocessing.  

Comparing the LUEC for the Canadian SCWR concept with other North American 

reactors (Table 8), the Canadian SCWR concept is competitive, offering a benefit 

compared with many Generation III reactors.  

TABLE 8:  Comparison of LUEC Estimates 

Reactor Technology LUEC ($/MWh) Currency In 2014 US$d 

Canadian SCWR concept 51.40 2007 US$ 58.69 
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Reference ABWR 38.92 2007 US$ 44.44 

Darlington (post-refurbishment) [19] 79 2013 CAN$ 80.29 

World Nuclear Assoc. – OECD 
Europe [20] 

50-82 2010 US$ 54.29 - 89.04 

World Nuclear Assoc. – USA [20] 49 2010 US$ 53.21 

World Energy Council [21] 91-94-147 2012 US$ 93.8 - 151.6 

d Escalation based on average annual consumer price index. 

6 Sensitivity Analysis 

There is significant uncertainty surrounding the cost estimates due to the early 

development stage and long-term forecasting required.  To investigate the effects of 

these uncertainties, two types of sensitivity analyses were performed:  deterministic and 

probabilistic.  

6.1 Deterministic Sensitivity Analysis 

In the deterministic analysis, selected variables are adjusted one at a time between the 

low, base and high estimates, while all other variables are held at their base estimate 

value.  This is used to determine the effect each individual variable has on the TCIC and 

LUEC values.  The LUEC results for the Canadian SCWR concept are displayed on a 

tornado diagram, in Figure 3, where the parameters are ordered based on the 

magnitude of the affect they have on the metric. 

FIGURE 3:  Tornado Diagram for the Canadian SCWR Concept’s LUEC 
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According the Figure 3, the Canadian SCWR concepts’ LUEC is most sensitive to the 

real discount rate variable, which was varied from 3% to 10%, with a base value of 5%, 

representing three common operating environments. 

• If the reactor is government financed, a discount rate of 5% is commonly 

used.  

• If the operating environment is considered extremely stable, where the 

reactor is likely owned and operated by a government, then a discount rate of 

3% could be considered. 

• Conversely, if the environment is less stable, where the reactor is 

owned/operated by a private utility and/or there is high political uncertainty, 

then a discount rate of 10% may be appropriate. 

The capital cost is the variable with the second greatest impact.  The capital costs range 

was based on the technology development stage.  The Canadian SCWR concept is 
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currently a preliminary feasibility study, therefore the accuracy range for the overnight 

capital costs is assumed to be in the range of -30% to +50%, reflecting the greater 

uncertainty at the concept stage [5].   

The source PU, fuel fabrication, and DGR costs variables are shown to have a 

moderate to small effect on LUEC based on their cost range.  This is in line with the 

capital intensive cost structure of nuclear reactor projects. 

The Canadian SCWR concepts’ LUEC was not at all sensitive to the cost for temporary 

storage and source Th variables. 

6.2 Probabilistic Sensitivity Analysis 

Deterministic analysis is sufficient to identify which parameters the LUEC and TCIC 

metrics are most sensitive to, however it does not reflect the full impact of these 

uncertainties.  This is because it looks at each parameter individually, when in reality 

the parameters could vary simultaneously affecting the costs.  In the probability 

analysis, all parameters are varied simultaneously, capturing all possible combinations 

of the low, base, and high estimate values.  A simplifying assumption was made that the 

probability of each combination of parameters occurring is equal, with no combination 

being more likely to occur than another.  This assumption allows the results for the 

Canadian SCWR concept to be displayed on cumulative probability curves (Figures 4 & 

5). 

FIGURE 5:  Cumulative Probability Curve for the Canadian SCWR Concepts’ TCIC 
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In Figure 4, the light grey section represents the 80% confidence interval.  There is only 

a 10% chance that the Canadian SCWR concepts TCIC will be less than the lower 

bound ($2,178/kWe), and there is only a 10% chance that the Canadian SCWR 

concepts TCIC will be greater than the upper bound ($5,814/kWe).  In the center, 

marked by the red line, is the mid-point, where there probability of the TCIC will be 

higher, is equal to the probability that the TCIC will be lower, than the mid-point value of 

$3,863/kWe.   

A similar analysis was done for the Canadian SCWR concepts LUEC measure (Figure 

5), where the 80% confidence interval is from $38/MWh to $87/MWh, with a midpoint of 

$54/MWh.  It should be noted that the median values of the LUEC and TCIC calculated 

by the probabilistic analysis are slightly higher than the base-case values discussed 

earlier. 
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FIGURE 5:  Cumulative Probability Curve for the Canadian SCWR Concepts’ 

LUEC 

 

Large uncertainty in TCIC and LUEC for the Canadian SCWR concept, shown in the 

deterministic and probability sensitivity analyses, is typical for the Generation IV 

systems at concept development stage.  If the TCIC and/or LUEC at the low end of the 

cumulative probability curves are realized, the Canadian SCWR concept will have a 

significant cost advantage over the alternatives; both in capital at risk and in life cycle 

costs.  Conversely, if the TCIC and/or LUEC at the top end of the cumulative probability 

curves are realized, the Canadian SCWR concept will not be cost competitive with the 

alternatives.  Therefore, it is important that as the concept progresses through the 

development stages, scientists and engineers are mindful of the economic impacts of 

changes to the concept.  In addition, when the reactor is ready to be implemented, 

project and construction managers must keep a close eye on key parameters that the 

TCIC and LUEC are most sensitive to.  All efforts should be made to keep values such 
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as the real discount rate and capital costs to a minimum as the LUEC was very 

sensitive to these values (Figure 2). 

7 Limitations of the Methodology 

The GIF Cost estimating Guidelines [5], with the help of the G4-ECONS tool [3], enable 

a thorough economic analysis of advanced reactor concepts, including sensitivity 

analyses.  However, due to the knowledge gaps that exist for many of the generation IV 

reactor concepts, there are some limitations of the methodology.  

7.1 Limitations Related to Capital Costs 

The top-down cost estimation approach of the GIF Cost Estimating Guidelines [5] relies 

on a reference reactor to establish an estimate for a new reactor concept that is 

proportionate to the known cost of an existing reactor.  However, detailed component 

costs are seldom reported in the literature. Instead, costs are usually reported as an all 

in overnight cost ($/kWe).  In addition, a new power reactor has not been commissioned 

in North America since the early 1990s and since then there have been substantial 

improvements in safety and regulation requirements, which make the reference plant 

costs of little use [10].  

This leaves the estimator with two options: choose a reference reactor from a different 

geographic location, or use cost estimates from a more recent planned construction 

project. The first introduces new issues related to the capital cost estimate as there is 

significant variation in capital costs by country, especially between emerging markets 

(East Asia) and mature markets (Europe and North America).  Several factors, such as 
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discrepancies in labour costs and recent experience in reactor construction, can explain 

this variation.  If the reference reactor is from a difference geographic region than the 

anticipated reactor concept location, the geographical factors can influence the reactor 

concept costs and its estimate may not be comparable to other options for the 

anticipated location. 

This analysis used the second option, a relatively recent reference reactor based on a 

construction plan that was never realized.  This minimized the issues related to time and 

geography, however the reference plant cost may be optimistic compared to actual 

builds which include cost overruns.  

7.2 Limitations Related to Fuel Costs 

The Canadian SCWR concept, like many other generation IV reactors, employs an 

advanced fuel cycle.  These advanced fuel cycles often include materials and/or 

processes are still under development.  Therefore, the top-down approach does not 

work since a reference fuel is not available.  

Some proposed fuel cycles, that utilize existing materials and processes, can be 

estimated using the bottom-up approach.  Other more advanced fuel cycles require 

materials that have no existing market (Th and Pu), and/or processes that have never 

been performed on a commercial scale (pyroprocessing).  These more advanced fuels 

must be estimated based on forecasted costs available in the literature which 

significantly increases the uncertainty in the estimate [10].  
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Also, many generation IV reactors are intended to operate at a high-burnup to improve 

fuel utilization.  This is often done, in part, by increasing the content of fissionable 

material in the fuel.  It is not clear what safety features the regulators will require to 

operate a fuel fabrication facility, reactor, reprocessing facility and a DGR at these 

higher radioactivity levels [10].  

8 Conclusion 

Although there is a high degree of uncertainty in the future cost of the Canadian SCWR 

concept, the reactor concept estimated capital costs (TCIC) appear to be competitive 

with existing nuclear power options.  Therefore, the first of the GIF economic goals of a 

comparable financial risk measured in $/kWe, seems achievable.  The second GIF 

economic goal, a life cycle cost advantage measured in $/MWh (LUEC), appears to be 

on target for the Canadian SCWR concept as well.    

However, the Canadian SCWR concept is still under development.  Due to the 

uncertainty surrounding these estimates, as the reactor concept moves further through 

the development process, efforts should be made to ensure the final costs are 

minimized.  Specifically, attention should be paid to the input variables that were 

identified in the deterministic sensitivity analysis to have the greatest impact on the 

TCIC and LUEC.  Where possible, uncertainty should be removed through further R&D, 

as well as discussions with potential contractors and suppliers.  
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