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Abstract. The computer model for the economic assessment of Proryv Project (REM) is designed for supporting 

managerial decision-making during analyze of building pilot demonstration energy complex with the BREST-

OD-300 fast reactor facility. The targets of REM are noted, analytical information structure, properties, 

capabilities, software system structure are described, functional opportunities are demonstrated. The examples of 

calculations of technical and economic indicators of Proryv project are illustrated. 
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1. Introduction 

Economic Computer Model (Russian abbreviation: REM) of the energy complex with the 

BREST-OD-300 reactor facility is a software system designed to support managerial decision 

making in modeling of the fast reactor (FR) technical and economic performance throughout 

the lifecycle. 

REM is a software tool based on a set of mathematical relations describing the major 

technical and economic properties and dependences which make it possible to model 

economic aspects in the construction and operation of an energy complex with a fast reactor. 

REM is used to calculate, justify and optimize the technical and economic performance of a 

power unit with a large number of variables that affect the project efficiency. 

Application of an economic model makes it possible to improve the quality of assessment and 

decision-making by the project stakeholders, reduce the time and labor intensity of cost 

benefit analyses, calculate the cost effectiveness of modeled objects, compare the FR 

economic indices against competitor designs and adjust economic indicators in the event of a 

change in the external economic conditions and design alterations. 

REM provides computational analytical information on the following basic aspects  

(Fig. 1): 

• NPP unit construction cost; 

• operating costs; 

• fuel cycle technology and economy; 

• construction and operation risks; 

• competitiveness and cost effectiveness; 
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• financing management, efficiency and validity of financial arrangements for the attraction 

of investments;  

• sensitivity analysis, analysis of deviations, analysis of scenarios; 

• Levelized Cost of Electricity (LCOE). 

The major functions of REM are: 

• assessment of the cost effectiveness of the project as the whole and of individual project 

components; 

• verification of the design for the compliance with the Technical Assignment’s economic 

indicator requirements at all lifecycle stages; 

• consideration of different project implementation scenarios in terms of cost effectiveness; 

• calculation of the investment project cash flow generation in current and predicted prices; 

• consideration of different project financing arrangements; 

• analysis of the project sensitivity to changes in its key parameters for the purpose of 

identifying the major technical and economic parameters that affect the economic 

assessment; 

• calculation of the expected project incomes and costs involved in the project construction 

and operation, including the investor expenses at the pre-investment stage of the NPP 

construction efficiency justification. 

 

Fig. 1. REM’s analytical information structure 

REM properties:  

• a visual and user-friendly graphic interface (tables, diagrams, menus), operation within a 

single user interface (Fig. 2) with no dependence on the model blocks in use; 

• flexibility of the model setting for any scenario conditions; 
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• fast speed and convenience of operation with multivariate calculations ensured by the 

model’s interface; 

• recalculation of all cost effectiveness indicators in the event any input parameter is 

changed. 

 

Fig. 2. REM’s user interface 

REM is a related set of computational and analytical modules used to process the incoming 

information flow for obtaining the economic indicator data to support validated managerial 

decision-making for the purpose of ensuring the competitiveness of the analyzed design. The 

software system makes it possible to model different unit operation scenarios with a 

capability to change the macroeconomic environment and the internal technical and economic 

parameters. REM takes into account the existing structure of the nuclear fuel and power 

complex and enables identification and addition of missing components. 

REM provides analytical information on the following major project aspects: 

• management of the PRORYV project construction cost as compared to alternative 

technologies; 

• management of operating costs; 

• management of the fuel cycle economy; 

• management of construction and operation risks; 

• competitiveness and cost effectiveness; 

• financing management, efficiency and validity of financial arrangements for the attraction 

of investments;  

• sensitivity analysis, analysis of deviations, analysis of scenarios. 

The model allows calculations in conditions of incomplete initial information for different 

levels of its detailing. The model structure is based on the object-oriented construction of 

economic and technological systems with components for simulation of various options. 
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2. Brief description of capabilities 

REM makes it possible to solve the following problems: 

• verification of the project for the compliance with the technical assignment’s cost 

effectiveness requirements at all lifecycle stages; 

• modeling of economic results depending on different project implementation scenarios;  

• generation of the investment project cash flows in current and predicted prices;  

• modeling of economic results depending on different project financing arrangements; 

• estimation of cost effectiveness for both the project as the whole and individual 

stakeholders; 

• tabulation and graphic presentation of calculation results; 

• identification of major technical and economic parameters affecting the economic 

assessment; 

• consideration of all project incomes and costs involved in the facility construction and 

operation as part of the project, including the investor expenses at the pre-investment stage 

of the NPP construction efficiency justification; 

• the economic computer model has an interface with a two-way data exchange with MS 

Excel; 

• calculations of operating costs include the onsite nuclear fuel cycle cost and the cost of 

normal power unit operation;  

• calculation of cost for different process stages based on a functional cost analysis, a 

reduction in the assessment risk and uncertainty for the above costs as data is added and 

updated; 

• the structure of operating costs takes into account the structure of expenses adopted by JSC 

Concern Rosenergoatom for operating plants and considers technological features in the 

nuclear fuel cycle cost formation. 

 

3. Software system structure 

The model structure represents a set of objects with free installation into the model’s 

hierarchy, which means that it is the user that generates the cause and effect relations and 

generates the object tree on his own. An inherent feature of the software system is a data base 

with templates of objects from which the user selects the objects for the model construction. 

Each object template includes encapsulated object properties and characteristics. When initial 

data is added to a template, it becomes a full-featured object with unique data of its own. 

Being built into a particular location within the model’s hierarchy, the object starts to affect 

other objects it interacts with. So, an object-oriented approach is used to model the nuclear 

fuel and energy complex system which makes it possible for the user to model the system as 

the whole and its individual parts. 

The ideology of the REM software system is based on an object-oriented approach used both 

in the development of program algorithms and at the energy complex modeling stage. 

Conceptually, this approach consists in the following: to model a system, the user employs 

classes (prototypes, templates) of objects (Fig. 3) which possess particular methods and 

properties, as well as individual interfaces for initial and calculated data. 
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A hierarchical approach is used to generate the model structure (Fig. 4), with the system parts 

(components) distributed by levels, while the entire system becomes multilevel, being at the 

same time integral. 

At the initial modeling stage, the user generates the object tree. Each object is assigned to the 

required object type (selected from the list of templates) to define further on its properties and 

performance. Upper and lower level objects interact among each via communications tools 

based on an encapsulation principle. This is a puzzle-like principle when the user sees and 

uses only the interface part of the object while the internal relations are specified at the 

software level and depend on the type of the object and its position within the structure. 

For the flexibility of the structure modeling, the software system enables any object or group 

of objects to be saved in an individual file, with all initial data saved inside the objects. Later 

on, the user may insert the group of objects into any location in the hierarchy. 

 

Fig. 3. Classes of objects 
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Fig. 4. Hierarchical structure of objects 

After the object type is defined, it becomes possible to change the object and generate input 

data. There is an input data panel at the PC right top corner. Fig. 5 shows the input data panel 

for the object “Power unit with the BREST-OD-300 reactor facility”.  

 

Fig. 5. Input data panel 
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The left part of the input data panel (yellow-colored) shows the hierarchical structure of input 

data the composition of which is defined at the software level. Each element in this structure 

has a respective editable field. For the template “Operating NPP power unit in Russia”, the 

total number of levels (sections) in the hierarchy is about 35 while there are about 100 

editable fields and 15 dynamic tables. And in the event of dynamic indicators (e.g. capability 

factor), the user has an opportunity to set any nonlinear behavior of a given quantity across 

the investigation interval. Input data also includes quantities which have their composition 

and structure formed by the user. For instance, in the item “Other operating costs” the user 

has an opportunity to generate a table with a number of cost items and set values in the 

investigation interval for each item individually. As seen in Fig. 5, the hierarchical 

presentation structure, when the software system is developed or upgraded, makes it possible 

to alter and expand easily the number of edited fields and levels.  

Besides, the user generates horizontal links among objects in the input data panel. For 

example, if there is an object called “Nuclear fuel supplier” in the object structure, it is 

possible to select a particular supplier in the pop-down menu for the unit fuel cost item. In this 

case, the FA price signal will come from the object “Nuclear fuel supplier”. Where modeling 

does not require the use of internal links between objects, the user has an opportunity to set 

the FA cost directly in the object “NPP unit under construction” or by a particular value, or to 

set the cost of process stages (uranium, enrichment, fabrication, handling) and the model 

algorithm will automatically calculate the fuel cost (Fig. 6). 

Using a multivariate approach to generate the input data, the user selects the detailing level 

required for the calculations.  

Using the hierarchical structure of data processing, the objects at upper levels aggregate the 

data for objects at lower levels.  

Fig. 7 shows the calculated data panel. There is a hierarchical structure of elements in the 

panel’s left part. After the respective element is selected in this panel, the calculated data in 

the right part is displayed both graphically (for the qualitative assessment) and as digits in a 

tabulated form with the required detailing level. 

 

Fig. 6. Diagram of the nuclear fuel cycle 

In the same way as for the initial data structure, the calculated data structure can be expanded 

and generated for the required customer tasks.  

It is possible to export all calculated data into MS Excel for generation of consolidated 

reports. 
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Fig. 7. Calculated data panel 

 

Fig. 8. Levelized cost of electricity (LCOE) 

 

4. Conclusion 

Economic Computer Model (Russian abbreviation: REM) of then energy complex with the 

BREST-OD-300 reactor facility is a software system designed to support managerial 

decision-making in modeling of the fast reactor (FR) technical and economic indicators 

throughout the lifecycle. 

The system has been built to: 

• Improve the quality of management mechanisms. 

• Increase the efficiency and validity of decision-making. 

• Ensure a high-speed and flexible project competitiveness analysis. 
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Functional capabilities: 

• Construction of the NFC resource model and the project economic model at all lifecycle 

stages. 

• Modeling of capital and operating costs. 

• Online analysis of results. 

• Comparison of projects in equal scenario conditions. 

• Analysis and comparison of technologies, solution of inverse problems. 

REM supports object-oriented programming and modeling which makes it possible to 

compose the required energy system structure of various functional modules (Power Unit, 

Fabrication/Refabrication Module, Processing Module, RW Handling Module) depending on 

the unit type and the NFC technology for the construction of economic and material balances. 

For each object, the system sets individual technical and economic characteristics and 

calculates the economic (commercial, budget and public) efficiency of the project 

implementation in different price levels (predicted, current, deflated). At the upper level, 

indicators are integrated for the economic efficiency of the energy complex as the whole. The 

integral upper level indicator is Levelized Cost of Energy (LCOE) which characterizes the 

competitiveness of the project as the whole and is calculated in the model with regard for the 

discount.  

REM supports different options for the capital cost definition depending on the project 

maturity level: 

• Summary Cost Estimate. 

• Estimates of resources. 

• IAEA accounts. 

• Calculation by comparables. 

• Calculation by specific indicators. 

• Combined. 

The operating cost calculation structure is similar to the structure adopted by Concern 

Rosenergoatom. The fuel cost is calculated with regard for the NFC structure and takes into 

account the costs of all process stages. REM enables sufficiently detailed modeling of the 

material balance for fissionable isotopes both for the NFC front end and back end, with regard 

for the RW handling.  

Consumer properties of REM: 

• Capability for complete alienation from the developer. 

• A self-intuitive ergonomic interface. 

• Popup tips. 

• Minimum requirements to the computer resources, real-time calculation. 

• It is possible to export all calculated data into MS EXCEL. 

 


