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Introduction

• One main goal of energy policy and the Europe growth strategy 2020: 

 Transition to renewable energies to reduce greenhouse gas emissions 

and the share of electricity generated by nuclear power plants

• Due to relatively higher cost its growth is largely driven by public 

policy and support schemes

 Aim: Provide incentives for investors to invest in renewable energy in 

order to achieve RE growth strategy goals

 Most common support schemes: feed-in tariffs (FIT) (implemented in 

more than 60 countries)

 Other support schemes: green certificates, quota obligations

 Profitability of most renewable energy investments heavily relies on 

the support scheme
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Introduction

• But: High degree of uncertainty related to investments in RE due to 

policy risk regarding future support schemes

• Examples for policy risks:

 Bulgaria retroactively cuts feed-in tariff for wind and solar energy

 Spain retroactively cuts feed-in tariff for solar energy 

 Czech Republic implemented 10% retroactive solar tax

 Norway cuts gas transport tariffs 

• Different definitions of policy/regulatory risk in the literature (e.g. 

Smith 1997, Brink 2004)

 Here: risk of a (retroactive) reduction of a support scheme (e.g. feed-in 

compensation) for existing investments in RE

 Plays a major role for investors when evaluating investments in RE

 Should be taken into account when establishing risk models and for 

deriving risk-return profiles
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Introduction

• Aim of this paper:

 Evaluate investments in renewable energy projects

 Study policy risks and quantify cross-country diversification effects

• Toward this end:

 Extend previous work

 Use DCF model including market risk (energy prices), resource risk, 

OMSI costs, inflation risk 

 Integrate policy risk using fuzzy numbers based on expert opinions

 Derive cross-country diversification benefits using Value-at-Risk and 

Economic Capital using simulation techniques

 Apply developed model to the case feed-in tariffs of wind parks for two 

countries
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Policy Risk

• Here: Policy risk is assumed to be a FIT reduction of α% at some time 

τ during the investment period

• To determine the probability of a FIT reduction, we follow Thomas / 

Kalidindi / Ganesh (2006) and use an expert system 

• Determine the fault tree, i.e., a decompensation of a risk event (e.g., 

FIT reduction of α%) into risk factors

• Risk factors are either component events (CE)

or terminal events (TE)

• Several events that can cause the risk event:

• TE3 can cause the RE directly

• TE1 can cause CE1 and CE1 can cause RE

• …
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• Assume L terminal events and M component events were identified 

that impact the risk event RE (i.e., FIT reduction of α%) 

• N experts estimate the the likelihood of occurrence of each terminal 

event P(TEl)

• N experts estimate the probability that the risk event RE or compon-

ent event CEm occurs given the occurrence of the lower order risk 

factor (component event or terminal event), e.g., P(CE1|TE1)

• Answers are linguistic variables (extremely low, …, extremely high)

• Opinions are coded with trapezoidal fuzzy number

• E.g. response “medium“:

Policy Risk
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Policy Risk

• Responses of N experts (P1(TE1),…, PN(TEL), P1(CE1|TE1),…) are 

aggregated by (using fuzzy arithmetic operations)

• Aggregation:

• Delphi method: 

• P(RE) is presented to the experts

• They can use these value for reconsideration

• Termination when coefficient of variation is below 0.2

• P(RE) is a fuzzy number  transformation into a real number

• Same procedure for impact evaluation (α%)
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Policy Risk

• Fault tree for retroactive FIT reduction: 
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• Cashflows of investments in country k:

• Price for renewable energy: 

• Present value:

1 + 𝛾𝑘 Discount factor in country k

𝑃𝑡
𝑘,𝑟𝑒𝑛𝑒𝑤𝑎𝑏𝑙𝑒 Price of renewable energy received by operator in country k

𝑃𝐸𝑡
𝑘 Produced electricity in country k

𝑃𝐼𝑡
𝑘 Price index in country k

𝑂𝑀𝑆𝐼𝑘 Operation, maintenance, staffing and insurance costs in country k

𝐹𝐼𝑇𝑡
𝑘 Feed-in tariff at time t in country k

𝜏𝑘 Time of FIT reduction in country k

TS,k Support period for FIT (e.g. 20 years in Germany) in country k

DCF-Model
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• Base case: 2 countries (France and Germany) 

Country 1 (France)
Country 2 

(Germany)

𝛾k 7% See country 1

𝐹𝐼𝑇𝑡
𝑘 𝐹𝐼𝑇𝑡

1 = 𝐹𝐼𝑇0
1 ⋅ 0.4 + 0.6 ⋅

𝑃𝐼𝑡−1
1

𝑃𝐼0
1 𝐹𝐼𝑇𝑡

2 = 𝐹𝐼𝑇0
2

𝑃𝐸𝑡
𝑘 𝑃𝐸𝑡

𝑘 = 𝐿𝑡
1 ⋅ 𝐶𝑃1 ⋅ 720h; 𝐿𝑡

𝑘 = 𝑔𝑡
𝑘 + 𝐿𝑚

𝑘 + 𝜀𝑡
𝑘;

𝐶𝑃1 = 1𝑀𝑊

See country 1

𝑃𝐼𝑡
𝑘 Vasicek (1977) model See country 1

𝑂𝑀𝑆𝐼𝑘 42,500 € per year See country 1

𝑃𝑡
𝑒𝑥 𝑑𝑃𝑡

𝑒𝑥 = 𝜅𝑒𝑥 𝑎 ⋅ 𝑡 + 𝑐 − 𝑃𝑡
𝑒𝑥 𝑑𝑡

+ 𝜎𝑒𝑥𝑑𝑊𝑡
𝑒𝑥 See country 1

TS,k 15 years 20 years

𝑃𝑘 𝑠 4.92% See country 1

αk 30% See country 1

DCF-Model
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DCF-Model

• Monte-Carlo simulation based on 100,000 sample paths (fixed

random numbers and sensitivity analyses)

• Value at Risk

• Economic capital 

• Diversification benefit

11
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Development of FIT in France (expected values) and Germany (deterministic) 

over the investment period

Numerical Results (1)
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Probability distribution of the present value of cash flows depending on the 

reduction probability in France

Numerical Results (2)
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Probability distribution of the present value of cash flows depending on the 

reduction probability in Germany

Numerical Results (3)
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Annual expected value and annual VaR of project cash flows over time

Numerical Results (4)
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Numerical Results (5)

Diversification benefit for various reduction probabilities in country 1 (France) 

depending on the portfolio composition (reduction probability country 2 (Germany) 

fixed at 4.92%)
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Numerical Results (6)

Diversification benefit and economic capital for a portfolio with equal shares 

depending on the quantity of countries (all with parameters of country 1) for various 

reduction probabilities in country 1 (France)
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Summary and Outlook

• Establish an evaluation model for investments in renewable energy 

including policy risk

 Apply model to the case of FIT reduction risk of wind park investments

 First results indicate considerable risk, but also high potential for cross-

country diversification benefits regarding policy risks

• Outlook

 Study other support schemes (green certificates)

 Extend model and analyze impact of regulatory risk on investment 

decisions in a real option framework
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Assessing Regulatory Risks of Investments in 
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