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(1) Overview 
Decreasing limits of carbon dioxide emissions allowances and uncertainty connected with their prices together with liberalization and reorganization of electric energy industry and the whole market create substantial risk for energy producers, which have now to compete with each other. Investors are afraid of financing new power plants due to electric energy prices are no longer regulated and established on safe levels and there is no guarantee that the electricity production will be profitable. It is especially true in Poland where electricity production is based mainly on coal and lignite. In this paper the authors concentrate only on lignite, which creates additional difficulty in analysing profitability of energy production due to lack of lignite market price and uncertainty characteristic for mining operations. From one side such situation (the necessity of lignite price negotiation within bilateral monopoly) reduces risk if both sides belong to the same owner, are integrated, or strictly cooperate. From the other side it can create addition threat connected with risk of realization of a suboptimal scenario of lignite excavation, which is not Pareto efficient, if both sides belong to different owners. In further analysis it will be assumed that both sides decide on joint profits maximisation what leads to efficient use of lignite reserves (Jurdziak & Kawalec, 2008). Regardless of avoiding such threat by e.g. vertical integration which creates also other benefits for both sides of bilateral monopoly (Jurdziak, 2008) fuel supply is connected with mining risk being a consequence of uncertainty connected with a lignite deposit and difficulty of its profitable excavation due to lack of lignite market price. Fortunately the newest achievements in finding the optimal solution for the bilateral monopoly of a lignite mine and a power plant (Jurdziak, 2007) enable concentration only on risk factors, which can not be avoided by vertical integration or joint management.

(2) Methods 
At the beginning risk factors in a bilateral monopoly of a lignite mine and a power plant has been identified on each step of the value creation chain from the lignite deposit, through a mine and a power plant until the sale of electricity on the energy market. The key risk factors (e.g., amount of lignite within the deposit and its quality, amount of overburden, costs of mining and restoration, costs of energy productions, price of electricity, price of CO2 emission allowance, amount of required emission allowances etc) have been depicted, described and quantified as the random variables with chosen probability distribution functions or histograms describing their expected volatility estimates. 

The geological risk connected with restricted knowledge of the deposits through discrete boreholes is evaluated by application of conditional simulation (CS) in Datamine Studio 3 program. CS uses geostatistical parameters to provide several lignite quality models, each of which are equally likely, honour the geological boundary constraints and the input data at sample locations and obey both the sample histogram and sample semivariogram. The output block model containing all simulated data – set of histograms of possible values of lignite quality within the volume of lignite deposit, is used for Geological Risk Assessment (GRA) done in NPVScheduler v.4 program. GRA manages the uncertainty inherent in interpolating quality parameter distribution by considering conditionally simulated block models in the strategic planning process. GRA generates an ultimate pit for each conditionally simulated block model and calculates its NPV and profit. From the full set of ultimate pits GRA generates a range of risk-rated pits, which become the basis for the strategic plan - limiting the impact of grade uncertainty on planning outcomes.
(3) Results 
Results from CS and GRA processes together with other parameters and their distributions have been used as inputs to Crystal Ball model created in the Excel spreadsheet for evaluation of profitability of electric energy production from lignite. It contained build in solution for the bilateral monopoly of a mine and a power plant described in paper (Jurdziak, 2004) and the monograph (Jurdziak, 2007). Then several simulations have been conducted showing variability of cash flows (CFs) in each period of the optimal long term excavation schedule (Life of Mine plan) what allowed on the proper selection of risk adjusted discount rate (RADR).

The set of several solutions obtained through Monte Carlo simulations maximizing joint profits of the considered mine and the power plant for the selected RADR allowed on creation of histogram of NPV values and sensitivity analysis of outputs upon changes in chosen parameters. 

The obtained results (Jurdziak & Wiktorowicz, 2007) have shown that uncertainty connected both with prices of CO2 emission allowances as well as with their required amount substantially increases the risk of profitable energy production from lignite and decreases the size of optimal pit lowering utilization of the lignite deposit.

Important finding from the analysis is the substantial risk reduction of electric energy production resulting from the vertical integration of mines and power plants or joint preparation of long-term strategy maximising joint profits (Jurdziak&Wiktorowicz, 2007)..

 (4) Conclusions 
It has been shown that CS together with GRA in open pit optimisation program are the objective tools, which can be used for proper preparation of input data to Monte Carlo simulation in order to attain variability estimates of annual CFs in the optimal long term mining schedule. 

Risk analysis of energy production from lignite should be based on the worked out solution for the bilateral monopoly model of lignite mine and power plant (Jurdziak, 2004,2007).

Preparation of the mutual strategy for long-term development of a lignite mine and a power plant allows on substantial risk reduction.

Increase of carbon dioxide allowances prices and decrease of their limits decreases the profitability of energy production from lignite lowering utilization of the lignite deposits.
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