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(over the past 2 years 30 GW of capacity have retired).

Introduction
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3 Major independent effects were set to prepare the “perfect storm” in EU electricity markets

o Over-optimism in electricity demand growth – build large gas capacity.

o Severe financial and economic crisis. 

o Introduction of subsidised intermittent renewable sources in many EU countries.

In the short-run renewables with zero marginal costs replace technologies with higher marginal 
costs, including nuclear as well as gas and coal plants.

Wind Solar Wind Solar

Gas Turbine (OCGT) -54% -40% -87% -51%

Gas Turbine (CCGT) -34% -26% -71% -43%

Coal -27% -28% -62% -44%

Nuclear -4% -5% -20% -23%

Gas Turbine (OCGT) -54% -40% -87% -51%

Gas Turbine (CCGT) -42% -31% -79% -46%

Coal -35% -30% -69% -46%

Nuclear -24% -23% -55% -39%

-14% -13% -33% -23%
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Electricity price variation

10% Penetration level 30% Penetration level

o Reductions in electricity produced by 
dispatchable plants (compression effect).

o Reduction in the average electricity price 
(merit order effect).

o Declining profitability especially for OCGT 
and CCGT (nuclear is less affected).

In the long-run rearrangement of optimal mix

o No sufficient economical incentives to built 
new power plants.

o Security of supply risks as fossil plants close 

Effect of introduction of large shares of renewables
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With current wholesale electricity prices (and prevailing construction costs) no new NPP could 
be financed without governmental support. 

Financing NPP in Central Europe
at current electricity price levels

Net Present Value of a NPP investment (at 60% debt ratio)
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Opportunity Cost of Capital (Real)

Electricity price 60 Eur/MWh

Electricity price 55 Eur/MWh

Electricity price 50 Eur/MWh

Electricity price 45 Eur/MWh

Electricity price 40 Eur/MWh
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Risk is function of technology and time
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Nuclear

• Significant uncertainty in the construction phase

• Once a NPP is operating, rather stable and 
predictable production costs

Power plant with high cost of operation

Power plant with low cost of operation

Pure financial product: electricity swap

During operation, the risk of the cash flow from a 
NPP is lower than that of a power plant with 
higher variable costs (CCGT, coal),  and of a 
Variable Renewable Plant (solar, wind).

Source: John Parsons and Fernando de Sisternes , MIT

Risk premium of different electricity plants once operating



“Investing in the European markets today: challenges and opportunities”, Paris, 24 November 2014

Total generation cost structure and risk: 
the NPV of nuclear for different price levels
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The NPV of a Nuclear Power Plant in Function of a Fall in Electricity Prices and 
the Onset of the Price Fall Years after Commissioning (r = 5%)  

NPV calculation for a nuclear plant and a gas plant under different electricity price scenarios.

Both technologies yield the same NPV at base price (by adjusting overnight costs).

Permanent price fall [-10% to -70%] occurs after commissioning [0-50 years].

NPV under certainty
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Total generation cost structure and risk: 
the NPV of gas for different price levels
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The NPV of a Gas-Fired Power Plant in Function of a Fall in Electricity Prices 
and the Onset of the Price Fall Years after Commissioning (r = 5%)  

In the worse case scenario, the gas plant leaves the market with losses limited to the 
investment costs.

Nuclear will keep producing at decreasing net revenue levels, but losses for investors are 
consistently higher.

NPV under certainty



“Investing in the European markets today: challenges and opportunities”, Paris, 24 November 2014

Modelling Investor Risk
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Modelling choices of a private investor, taking into account the effect of taxes, depreciation  
and the capital structure of the project

o Construction risk

 Uncertainty regarding overnight costs

 Uncertainty on length on construction period (IDC)

 Correlation of construction delays and overnight cost

o Operational and political risk

x Political and policy risk

 Uncertainty on load factor: triangular distribution between 75% and 95%  

o Electricity market risk

 Short-term variability of prices

• First-order auto regressive model: 𝑷𝒕+𝟏 = 𝑷𝒕 + 𝜶 𝝁 − 𝑷𝒕 + 𝜺𝒕 (random component)

• Possibility to suspend production when electricity prices are below variable costs

 Long-term changes in the price trajectory

• Parametric study (-50% → +50%,    i.e. ±40 €/MWh)

Creation of 3 scenarios of electricity price variations (low to high price risk)
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NPV Distribution of Positive Cash Flows
Once Plant Has Been Commissioned

8

o Statistical distribution of future cash flows once the plant has been build.

o Construction cost risk is of a similar magnitude of electricity market risk in medium/high 
electricity price risk scenario.

o CfD or long term contract reduce significantly the variability of future cash flows.

o The cash flow distribution after commissioning is interesting for an investor (see Parsons), in 
particular in presence of price arrangements. 
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NPV Distribution 
of the whole nuclear project
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o Distribution of NPV for a NPP including construction.

o CfD or long term contract reduce NPV variability, but construction risk remains important.

o Shortfall risk as an alternative metric for investor risk. 
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o CfD reduces both the shortfall risk and the average NPV shortfall.

Shortfall Risk and Average NPV Shortfall 
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Risk for a bond-holder

o Metric for risk: total value of the debt losses (as % of the investment and interest).

o No losses for bond-holders in a wide range of scenarios even at 30%÷40% price falls

o At low debt ratios risk for bond-holders is rather limited, even for large electricity price falls.

o At 70% DR and above, electricity market risk for bondholders starts to be important.  

30% Decrease in electricity prices 50% Decrease in electricity prices

Impact of financial leverage:
Risk for a debt investor
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Conclusions
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o With current electricity market prices no new nuclear build could be  envisaged in 
continental Europe without strong governmental support.

o Innovative ways to manage construction and electricity price risks are needed:

- Long-term contracts are also an effective way to mitigate electricity price risk.

- CfD reduce the risk for investors (both equity and bond-holders), and thus the opportunity 
cost of capital. This also helps to stabilise power cost for costumers.

- Cooperative models such as the Mankala principle could be explored.

o Once a NPP is operating, the cash-flow is rather stable compared with other generation 
technologies. This should be reflected by a lower discount rate during operations.

- Attractive investment for long-term, low-risk investors (once operating).

o Risk for bond-holders is very limited at low debt ratios (30-50%) even under adverse 
electricity market conditions. At higher leverage, bond-holders assume a part of project risk.

o In liberalised markets, equity holders in a nuclear project face an high variability on their 
NPV, and thus assume a large risk.

- Government measures should be tailored to mitigate that risk.
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Thank you for your attention
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Reserve slides
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NPV distribution of cash flows
after commissioning (I)
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