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[bookmark: _Toc210512115]I. Strategic Rationale for the Critical Importance of Continuous Monitoring
The construction of a nuclear power plant (NPP) is one of the most complex, capital-intensive, and long-term investment projects in the global economy. The success of such projects, often spanning 10–15 years, depends on the ability of management (owner/operator) to anticipate and effectively manage financial risks arising from macroeconomic volatility, currency fluctuations, and inflationary pressures. In the context of fixed-price contracts (EPCs), continuous monitoring of current prices for components, construction materials, and services is not simply an operational procedure but a critical tool for strategic investment risk management.
[bookmark: _Toc210512116]I.1. NPP Financial Model: CAPEX Dominance and Duration of Terms
Nuclear power projects are characterized by a high ratio of fixed capital expenditures (CAPEX) to variable operating expenditures (OPEX), making them extremely sensitive to initial construction costs and implementation timelines. Analysis shows that capital costs associated with construction and financing can account for up to 70% of the total cost of electricity produced (Leveled Cost of Electricity, LCOE) .
A key factor determining the growth of a project's final cost is its duration. With a 10-15-year construction cycle, any delay in the schedule leads to a significant increase in Interest During Construction (IDC). 2 Delays directly increase the overall financial burden of a project and heighten the perceived investment risk. 2 This relationship highlights that uncontrolled price increases for key resources, which can trigger procurement delays or disputes with contractors, have a double negative effect, multiplying financial losses by increasing IDC.
[bookmark: _Toc210512117]I.2. Capital Expenditure Sensitivity Analysis (CAPEX)
For Gen III+ NPP projects, monitoring should focus on cost items that are most susceptible to market volatility and may cause disputes within the EPC contract indexation framework.
A detailed breakdown of CAPEX indicates the following critical components:
1. On-site Labor: Accounts for approximately 25% of the total cost. 3 This component is sensitive to local economic conditions, wage inflation, and skilled labor shortages.
2. Construction Materials: Accounts for approximately 12% of CAPEX. 3 This includes volumes of steel, concrete, and other raw materials whose prices can fluctuate widely, as demonstrated during recent global economic shocks. 4
3. Mechanical Equipment: The share is approximately 16%. 3 This component, along with control systems and instrumentation (8%) 3 , is critically dependent on the global supply chain.
The project's dependence on global raw material prices and production capacity constraints stems from the need for highly specialized components, such as heavy forgings, whose production is concentrated among a limited number of suppliers (e.g., Japan Steel Works and Creusot Forge). 5 This limited supply increases price volatility and increases the risks associated with late delivery.
[bookmark: _Toc210512118]I.3. The Need for Price Monitoring as a Chart and Cost of Capital Management Tool
Ignoring price increases for critical materials such as steel, cement, or specialty metals leads to financial disputes between the client and contractor. These disputes can slow down the procurement or construction process, which in turn leads to delays. Given that delays in a 10- to 15-year construction cycle dramatically increase IDC 2 , the cost of a delay caused by a price dispute can exceed the material price increase itself by an order of magnitude. Therefore, continuous and objective price monitoring serves as a a project schedule management tool (Schedule Integrity) , and not just as a budget control mechanism.
Moreover, price unpredictability directly affects the financial health of a project through the cost of capital. Historical precedents show that large Western projects (Olkiluoto 3, Flamanville 3, Vogtle) faced massive cost overruns, ranging from 79% to 250%. 6 For example, the total cost of the Vogtle project in the US rose to $32 billion (about $11,000/kW). 8 However, as the Vogtle case showed, the direct impact of inflation in the early stages was relatively insignificant (for example, COVID-19 costs accounted for less than 1% of the total cost of $36 billion). 9 The main reason for the cost overruns was the lack of effective management and control in the early stages, which led to the need to redesign modules and the bankruptcy of the key contractor, Westinghouse, in 2017. 9
Sensitivity analysis using stochastic models confirms that for nuclear power plants, the WACC has a greater overall impact on LCOE than Overnight Cost itself. 10 Price unpredictability and a history of cost overruns increase the perceived risk of a project, forcing investors to demand a higher WACC. A robust price monitoring system that ensures transparency and manageability of inflation risk strategically reduces perceived investment risk and, as a result, reduces WACC, being the most powerful lever for reducing LCOE .
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Traditional risk management approaches based on classic EPC contracts with a pure fixed price are proving untenable in long-term nuclear projects. A transition to complex, index-based contracting models is necessary, the success of which critically depends on continuous and objective price monitoring.
[bookmark: _Toc210512120]II.1. Inconsistency of Classic EPC with Long-Term Nuclear Projects
Due to the complexity, length, and unpredictability inherent in the nuclear industry, especially for the country's first unit (First-of-a-Kind, FOAK), signing a classic "fixed price, fixed term" EPC contract is a "relatively distant prospect." 12
Traditionally, under a fixed-price contract, the risk of inflation escalation falls entirely on the contractor. 13 However, attempting to cover this risk over a 10- to 15-year period forces the contractor to factor an excessively high risk premium into the price. This makes the contract price uncompetitive. The alternative scenario—inadequate risk hedging—can lead to the contractor's financial ruin and, consequently, to the shutdown or critical delay of the project, as occurred with the Westinghouse bankruptcy on the Vogtle project. 9
The only pragmatic and financially sustainable solution for long-term nuclear projects is the use of index-linked EPC contracts, which share risk between the Customer and the Contractor based on objective and transparent data.
[bookmark: _Toc210512121]II.2. Structuring Escalation Clauses
To implement an indexed EPC contract, it is necessary to develop detailed escalation clauses based on the Indexation Formula. 15
Key requirements for the structure of reservations:
1. Cost Detailing: Clauses should clearly define which types of costs are subject to escalation. Typically, this applies to labor costs, materials purchases, equipment purchases, and fuel. 13
2. Trigger Events: Clear thresholds (Trigger Events) must be established, beyond which price adjustments can be activated. An example would be a significant jump in raw material prices (e.g., the 200-300% increase in timber prices during the pandemic, which triggered many construction clauses) .
3. Administrative Regulations: The notification mechanism must be strictly regulated, including the method, timing and required volume of supporting documents from the contractor to justify the adjustment. 16
A price monitoring system should actively monitor the costs and qualifications of local suppliers and labor, which is especially important in the context of new nuclear program countries (e.g., Serbia) classified by the IAEA as “Segment B” (units 1–4). 17 In such cases, localization efforts, although bringing macroeconomic benefits (job creation) 17 , may temporarily increase upfront costs due to the need to qualify new supply chains (Cost of Qualifying New Supply Chains). 19
[bookmark: _Toc210512122]II.3. Monitoring as a Tool for Audit and Dispute Resolution
Since a fixed price for a nuclear project is unviable, the parties will inevitably switch to index-linked contracts. 12 The effectiveness of this mechanism depends entirely on the quality and objectivity of the source data used in the indexation formula. 15 If price monitoring is not continuous, transparent, and based on official, audited sources, any price adjustment will immediately lead to costly and lengthy disputes or arbitration.
Strict, independent price monitoring regulations, supervised by experts (such as NUCON and CONSILIO 20 ), are a critical condition for the successful functioning of escalation clauses and the minimization of arbitration risks , ensuring confidence in the calculations on the part of all stakeholders.
[bookmark: _Toc210512123]III. Methodology of Indexation and Hedging of Currency and Inflation Risks
Managing inflation and currency risks in long-term nuclear construction requires the use of complex financial instruments and a detailed, modular indexation methodology.
[bookmark: _Toc210512124]III.1. Construction of a Modular Cost Escalation Formula
To effectively reflect real cost dynamics, it is necessary to segment the work breakdown structure (WBS) and apply targeted indexation. A single consumer price index (CPI) is insufficient, as wage inflation in construction and price inflation for specialized steel follow different trajectories.
Modularity Principle: The escalation model should be divided into key cost categories, as has been implemented in international nuclear projects (e.g. Rosatom in Saudi Arabia). 15



	Cost Category (WBS Level 2-3)
	Approximate Share of CAPEX (%)
	Key Source of Risk
	Recommended Monitoring Index

	Labor onsite
	25%
	Wage inflation, skills shortage
	Employment Cost Index (ECI) / Regional Labor Indices 18

	Construction Materials
	12%
	Global Commodity Volatility (Steel, Cement, Copper)
	Producer Price Indices (PPI) for Metals and Construction (ENR Historical Indices, DCD Cost Index) 4

	Mechanical Equipment
	16%
	Currency fluctuations, production capacity
	PPI in producing countries, FX indices

	Engineering and Design
	5%
	The cost of highly qualified professional services
	Professional Services Cost Index / Local Wage Index (e.g. Belgrade) 18

	Financing (IDC)
	High
	Construction duration, WACC rate
	Market Interest Rates, Country Risk Index 10


Note: CAPEX breakdown is taken from 3 and adapted for modular indexing.
Index Linkage and Revision Frequency:
· Each category must be linked to the most relevant public index. 21
· To reflect the current market situation, price revisions and activation of escalation formulas should be carried out at least once a quarter (as an example of successful practice at Rosatom). 15
· The source data for indexation must be auditable and publicly available , preventing the contractor from using proprietary or internal data, reducing the risk of manipulation. A clear definition of the contract's Base Date is critical to triggering escalation calculations. 16
[bookmark: _Toc210512125]III.2. Currency Risk Management and Hedging Commodity Shocks
Projects in new nuclear entrant countries such as Serbia are exposed to multiple currency risks as financing and procurement are conducted in different currencies (Serbian dinar (RSD), Euro, Ruble, US Dollar). 20
Currency-plus-Commodity Basket (CCB) mechanism:
To protect against a double macroeconomic shock (a simultaneous depreciation of the domestic currency and rising prices for imported materials), it is recommended to consider the use of an advanced CCB mechanism. 22 This mechanism pegs the price not only to a currency basket (EUR/USD/RSD) but also to a basket of key commodities (CCB) critical for the construction of the nuclear power plant. The use of CCB offsets the effect when a weakening local currency is exacerbated by a global rise in steel or copper prices, providing a more stable financial regime for the project. 22
Integration of Price Monitoring with Proliferation Control:
A price monitoring system can be used to enhance a project's strategic security. Monitoring prices for specific, nuclear-related components and equipment, as well as tracking international trade using relevant HS (Harmonized System) codes, can help detect procurement anomalies and mitigate proliferation risks. 23 Although the primary goal is economic, the use of global price databases and HS codes in the monitoring system provides an additional level of strategic security and supply chain control, which is especially important for a new market entrant.
[bookmark: _Toc210512126]IV. Integration of Monitoring into the Project Life Cycle (IAEA Phases I–II)
Price monitoring should be adapted to the maturity of the project, changing its objectives and methodologies depending on the NPP's phase of readiness, according to IAEA guidance.
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In the initial, pre-investment phase (Phase I), price monitoring is used to refine the cost estimate and reduce the financial risk necessary for making the final investment decision (FID).
Estimate Refining: Price monitoring allows us to move from preliminary conceptual estimates (Class 5 Estimate, error up to 100%) to highly accurate estimates (Class 2 Estimate, error up to 20%), which are necessary to justify CAPEX to investors. 24
Stochastic Simulation (Monte Carlo Simulation):
In Phase I, monitoring allows for the collection of statistical data on the probability distributions of key variables: price volatility for critical materials, exchange rates, and WACC rates. This data is used to conduct a Monte Carlo simulation, which determines not an "exact" price, but a "cost corridor" with a known probability level. 25
Application of stochastic modeling in combination with Tornado Diagram Analysis 10 is mandatory. This analysis helps identify which input variables (material prices, cost of capital, tariffs) most significantly impact LCOE and NPV. This allows management to focus monitoring and hedging efforts on the 3-5 variables that are most sensitive to the financial model. For example, for nuclear projects, it is often found that the discount rate has a stronger impact on LCOE than even overnight cost .
Providing investors with a price corridor based on robust stochastic modeling increases project confidence and strategically protects FID, which is critical for attracting private finance. 14
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At the project implementation stage (Phase II), price monitoring moves from a predictive to an operational function.
Integrated Control (Project Controls):
An integrated cost and schedule control system (ICSCS) must be implemented. 28 The World Association of Nuclear Operators (WANO) recognizes such integrated systems, which ensure attention to detail and rapid data visualization, as industry best practices. 29 The system should regularly, at least quarterly, compare actual purchase prices (invoices) with forecast prices (based on an index formula) and with the base contract price (BDP).
Proactive Equipment Risk Management:
Equipment (16%) and instrumentation (8%) often have the longest manufacturing cycles. If rising raw material prices threaten a supplier's financial stability several years before delivery, this can lead to bankruptcy or delays. 9 A continuous price monitoring system should include an early warning system that identifies financial problems with critical suppliers (N-stamp holders) before they impact the schedule and lead to increased IDC.
[bookmark: _Toc210512129]IV.3. Table: Integration of IAEA Requirements and Price Monitoring
To ensure structured processes within the project life cycle, the following approach is required:
Integration of IAEA Requirements and Price Monitoring

	Project Phase (according to IAEA)
	Cost Estimation Stage (AACE)
	The Key Goal of Price Monitoring
	Methods and Tools

	Phase I (Pre-Project)
	Class 5 (Conceptual) to Class 2 (Final)
	Determining the cost corridor, reducing the perceived investment risk (WACC).
	Stochastic Simulation (Monte Carlo), Tornado Analysis 10

	Phase II (Project Execution)
	Class 1 (Control)
	Continuous escalation control according to contractual formulas; localization risk management.
	Integrated Project Controls Systems (WANO Best Practice), Quarterly Index Audit 15

	Transfer (Plant Turnover)
	Final CAPEX
	Updating final costs and calculating the final LCOE.
	Audit of the entire history of price adjustments 12



[bookmark: _Toc210512130]V. Regulations and Technical Requirements for the Price Control System
The effectiveness of long-term price monitoring is determined by strict governance and the use of specialized technical solutions that ensure auditability and data integration.
[bookmark: _Toc210512131]V.1. Organizational and Audit Regulations
To minimize disputes and ensure impartiality in escalation calculations, the following regulations are necessary:
Independent Verification: The price control system must be supervised by an independent expert consultant (Owner/Operator's Consultant, such as CONSILIO/NUCON 20 ), which ensures objectivity in the verification of the escalation calculations submitted by the EPC contractor.
Clear Notification Procedures: The regulations should define the precise method, timing and level of detail of supporting documentation required from the contractor when requesting a price adjustment under an inflation clause. 16
Capping Exposure: The procedure should provide for the possibility of introducing a maximum cap on adjustments or limiting the frequency of revisions to prevent the contractor from unlimitedly recovering costs. This allows the Client to control its maximum financial risk. 16
From Monitoring to Control:
Price monitoring alone does not reduce costs unless the data is used to make timely management decisions. The policy should include regular cost control meetings (e.g., quarterly), where Tornado analysis results are used to redirect management efforts. This allows the Client to proactively manage the 3-5 variables (prices/rates) that are most critical to LCOE at any given time, enabling real-time course corrections .


[bookmark: _Toc210512132]V.2. Technical Requirements for the Integrated Information System
Successful price monitoring requires the implementation of a comprehensive Project Controls system that integrates three key project dimensions: cost, schedule, and scope.
Integration Requirement: The control system must integrate data to provide "easy visualization of project status and trends." 29 Integrated project control systems recognized by WANO are capable of rapidly collecting information and presenting it in a format that highlights key issues, which is the basis for timely decision making.29
Input Data Sources:
1. Official Macroeconomic Indices: ENR (Engineering News-Record), Eurostat PPI, National Statistical Office of Serbia (for local labor and materials). 21
2. Commodity Quotes: Data on prices on commodity exchanges for critical commodities (steel, non-ferrous metals).
3. Internal Data: Actual costs (invoices) categorized by WBS for comparison with index forecasts.
Monitoring as a Data Protection Strategy:
Given the decades that a nuclear project (construction and operation) takes, a price monitoring system should not only record current financial indicators but also preserve historical component cost data (the Work Based Schedule element). This complies with IAEA recommendations for long-term design data protection32 and ensures that this data can be used to compare the costs of Units I and II, as well as for planning future operation or decommissioning.
[bookmark: _Toc210512133]VI. Conclusion and Strategic Recommendations
[bookmark: _Toc210512134]VI.1. Key Findings
The analysis confirms that in long-term nuclear power plant construction, under conditions of high currency and inflation volatility, continuous and regulated price monitoring is an indispensable tool for managing investment risk. Continuous price monitoring facilitates the transition from unviable, pure fixed-price EPC contracts to risk sharing through indexed formulas. The strategic effect of price monitoring is that it reduces price uncertainty, reducing perceived investment risk, which in turn allows for a reduction in the WACC—the factor that has the greatest impact on the final LCOE. Furthermore, price monitoring serves as a proactive tool for managing the construction schedule, preventing delays caused by financial disputes with contractors.
[bookmark: _Toc210512135]VI.2. Five Directive Recommendations
Based on a detailed analysis of financial and contractual risks in nuclear construction, senior management, financial directors and strategic consultants (CONSILIO/NUCON) are recommended to take the following policy actions:
1. Implementation of a WBS-Level Index Formula: It is necessary to completely abandon the use of net fixed prices in EPC contracts in favor of modular indexation. The formula should segment and link each cost item (materials, labor, services) to relevant official, publicly available indices (e.g., ENR, PPI, ECI), ensuring auditability and calculation stability.
2. Application of Stochastic Modeling in Phase I: Use Monte Carlo simulation and Tornado analysis to determine the range of LCOE and NPV, as well as to identify the most sensitive variables. These methods are necessary for making an informed Final Investment Decision (FID) and reducing the WACC, providing investors with a reliable cost corridor.
3. Commodity Basket (CCB) Hedging: To protect a project from a simultaneous currency and commodity shock (especially with a high share of imports), consider implementing mechanisms based on a currency and commodity basket (CCB), adapted to the critical components imported. 22
4. Establishing an Integrated Control System: Implement a comprehensive Project Controls system, recognized by WANO, that links price variances to the project schedule. This system should provide operational data visualization and the ability to make course corrections in real time.
5. Strict Price Audit Procedures: Establish strict procedures for independent verification of data used in indexation, with a clearly defined baseline date and a requirement for the contractor to provide supporting documentation. To ensure the Client's financial protection, the procedures should include mechanisms to limit the maximum risk of escalation (Capping Exposure) .


[bookmark: _Toc210512136]Appendix: Comparison of Contractual Mechanisms for Managing Price Escalation
To select the optimal contracting strategy in the context of long-term nuclear power plant construction, it is necessary to clearly understand the distribution of risks between the Customer and the Contractor:
Comparison of Contractual Mechanisms for Price Escalation Management
	Control Mechanism
	Description
	Risk Allocation (Customer/Contractor)
	Relevance for nuclear power plants (10-15 years)

	Pure Fixed-Price EPC
	The price is fixed for the entire term of the contract.
	The Contractor bears 100% of the risk (but includes a huge premium).
	Low. "Relatively distant prospect" for FOAK projects. 12

	Indexed EPC (Formula-based)
	The price is adjusted based on a transparent, modular formula linked to external indices.
	Risk is divided and objectified.
	High. Recommended approach for long-term, capital-intensive projects. 15

	Capped Fixed Price
	The price is fixed, but the contractor can compensate for escalation up to the agreed limit (cap).
	The risk is limited for the Customer, which motivates the Contractor to exercise control.
	Moderate. Requires accurate CAPEX forecasting at an early stage. 16

	Cost-Reimbursable (with commission)
	Payment of actual expenses plus management fee.
	The maximum risk is borne by the Customer.
	Low. Used only in situations of extremely high uncertainty or in specialized phases. 13
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