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Overview

Investment in new power is essential for a well-functioning electricity market. Still, today decisions pertaining to investment in new capacity are surrounded by considerable uncertainties about the future economics of the projects. One reason is that in a deregulated market private investors typically have to bear a greater portion of the investment risk compared to a monopoly utility in a regulated market. This favours flexible investment alternatives with short-lead times and low capital requirements (e.g., Söderholm, 1999). Moreover, energy and climate policy – not the least the green certificate system and the European emission trading systems for carbon dioxide (EU ETS) – may add to investment uncertainties. Delayed and uncertain permitting processes also increase investors’ risks (e.g., Michanek and Söderholm, 2006).
The above implies that it exist a need for project evaluation techniques that can permit explicit consideration of uncertainty and flexibility. Real option valuation techniques represent such a tool, and in this study we employ this method to assess how the economic value of selected Swedish power generation projects are affected by uncertainties related to: (a) the green certificate scheme as well as carbon emissions trading within EU ETS; (b) fuel prices and; (c) electricity price.
Methods 

Power generators normally employ discounted cash flow (DCF) techniques to evaluate the economic merits of different technology options, and in particular a surrogate of the DCF approach, the so-called levelised cost methodology. Within this approach all power generation costs (i.e., capital, operation and maintenance, and fuel costs) are discounted to a present value and then divided by the total discounted output over the lifetime of the plant. The levelised cost method results are thus an average cost per unit of electricity produced (e.g., Bemis and DeAngelis, 1990). This cost is then compared over different new investment options.
One important shortcoming of all DCF methods, however, is that they permit no explicit consideration of uncertainty and flexibility. For this reason many analysts as well as energy companies have shown an increased interest in real option valuation techniques (Dixit and Pindyck, 1994). An option represents an opportunity, i.e., the right but not the obligation to take some action in the future. When an electric utility makes an (irreversible) investment in a new power plant it exercises the option to adjust its power generation mix quickly to changes in technology, and this lost option value is an opportunity cost that should be included as part of the investment. In other words, DCF analyses will not include the value of keeping the option alive, and for this reason it will tend to overstate the economic value of “inflexible” investments (Ibid.). Real option valuation techniques, on the other hand, can be employed to estimate the value of this option.

Results 

The results are based on a systematically comparison of the DCF methods and real option valuation methods in the presence of uncertainties concerning current energy and climate policy and the impacts of the permitting process. The focus is on investments in wind power, bio-fuelled power and power generation based on natural gas, and by using generation cost data from Elforsk (2003). The results suggest that the likelihood of wind power being chosen decreased over time and that the likelihood of gas power being chosen increases over time. This pattern can partly be explained by the relative large capital requirements of wind compared gas power. Moreover, the results show that it may be optimal to postpone an investment depending on the development of the stochastic variables because of the value of information about future profitability gained by waiting. It is interesting that even if the optimal choice of technology is wind power – that faces the least uncertainty – the uncertainty faced by the alternative technologies might delay the project. Some specific properties of the model can be expected on the basis of the model specification. For instance, a decrease in the output price (electricity price) increases that likelihood that no investment at all occurs; a decrease in the natural gas price makes gas power a more attractive technology and wind- and biopower less attractive; a decrease in the price of biomass makes biopower more attractive and wind- and gas power less attractive and a decrease in the CO2 permit price increase the attractiveness of gas power. The results indicate the extent traditional DCF methods may provide wrong information to the investment decision process, but also how the current policy may be altered to reduce the risk of delayed investment. As such the results should be of interest to both private actors as well as policy makers.
Conclusions

Investment timing and technology choice are of principal interest to not only to policy-makers but also to the various market participants. Due to the non-storage characteristics of electricity, investments are crucial in order to balance supply with future demand expectations and its timing can therefore strongly affect the power price. Furthermore, there exist a limited number of alternative technologies available for power production. In Sweden, for which the model is applied, there is a prohibition to invest in large-scale hydro and nuclear power reducing the available technologies to wind-, gas- and biopower. This might force power generators to invest in more expensive technologies that require higher power prices in order to make them financially attractive. Each technology is associated with different cost structures and uncertainties in input price, power price and policy formulations, which together with the irreversibility of the investment affect the investment behaviour.  The model developed may help investors and policy-makers to establish an investment pattern that accounts for the uncertainties in costs and revenues, as well as the flexibility of investment timing. For policy making, our model suggests that the interrelation between policy measures and uncertainties should be taken into account for at least two reasons: (1) Policies could directly affect the power price and thus increase the level of uncertainties and (2) affect the input price, changing the optimal choice of technology.

Depending on the climate policy assessed the investments are affected differently, foremost on the carbon cost resulting from the policies. As a consequence, climate policies might indirectly put an upward pressure on the electricity price through the absence of investments in the power sector. In addition to the green certificate scheme and the EU ETS Sweden has decided on a national instead of an international emission target. That is, the national emission target stipulates a four percent further reduction of the CO2 emission compared to Sweden’s emission allotment from EU Burden Sharing Agreement (in practice four percent below the 1990-level). Such a zealous commitment might further affect the investment decision depending on how the policy is formulated. Through technological improvements and learning the initial investment costs are most likely to decrease over time. However, there are no a priori reason to believe that this reduction will be greater for wind power compared to other energy technologies, including CCGT and biomass power. Given the results and the underlying parameters it is most likely that we will see an expansion of biopower in Sweden. This result is, amongst other things, driven by the certificate scheme, permit system and the expected operational life time of the various power plant technologies. Notable is though that the policies, as designed, are not explicitly designed to promote any specific technology which speaks in favour of their design. The lead-time generated by the often prolonged permit processing for green-field investments have an affect on the level of investment. In terms of the permitting processes for new power plants the results suggests that if the investment can not occur in the first time period it is more likely that the investor will wait with the investment or chose not to invest at all. Thus, a lengthy permitting process will have a negative affect on the investment timing in excess of the time the actual permitting process takes.
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