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Overview
This paper conducts a detailed experience curve analysis for the Swiss hydropower schemes considering external costs. Experience curves describe how costs per unit decline while cumulative production increases over time, where the latter is usually used as an approximation for the accumulated experience in employing a technology. Of course, these curves represent the combined effect of a large number of parameters. Besides learning, many other parameters may influence the costs per unit. In this paper we focus on external costs as an important parameter in the context of experience curve analysis. 

The increasing awareness about environmental impacts in Switzerland has influenced hydropower industry over the last view decades. Over time, the pressure to avoid external effects (internalise external costs) has influenced the unit costs of hydropower production. This effect –opposing the learning effect - is analysed in the present paper and integrated in earlier experience curve analysis of the Swiss hydropower schemes (Balmer 2007).

The concept of experience curves is widely used to analyse the long-term potential of new renewable energy technologies and to develop policy strategies and instruments to foster their diffusion, see IEA (2000). There are only a few experience curve analyses that considered hydropower, e.g. McDonald and Schrattenholzer (2001), Jamasb T. (2006), especially because hydropower is considered as a mature energy technology with a low learning rate.

Methods

Based on an extensive geographic information system, which has been developed, it is possible to generate spatial and environmental variables in order to estimate the external effects of the Swiss hydropower schemes. Using earlier work from Hauenstein et al. (1999), the monetisation of these effects is realised, calculating the external costs of every specific hydropower scheme. The analysed database consists of data for 180 hydropower schemes, differentiated in 100 hydropower storage schemes and 80 run-of-river schemes, including a total of around 299 large plants operating in Switzerland. The dataset comprises a timeframe of about one hundred years covering virtually the entire development of the hydropower system in Switzerland.

Starting point is the basic experience curve model for energy technologies. Based on these estimates, the basic model is extended with further variables of which the external costs are in the focus. Another important variable is the scarcity of favourable sites (Balmer 2007), that will be integrated in the same model as the external costs. The analysis aims at identifying the specific effects of learning and external costs. Including further variables into an extended model will help to separate the combined effect observed in the basic experience curve model into the specific effects of the included variables. Special attention is also addressed to the factor of time.

Results and Conclusions

In the case of the Swiss hydropower schemes, the estimation results for the basic experience curve model show negative learning rates, i.e. both increasing specific investment costs (CHF/kW) and energy generation costs (CHF/kWh). However, these results are biased because of omitted variables like external costs, the scarcity of favourable sites and other time dependent variables. The integration of variables like external costs, the scarcity of favourable sites and time is expected to alter the results from the basic experience curve model. Preliminary results from Balmer (2007) have shown that the separation of the time effect that influences all the variables is of major importance.

External costs of hydropower schemes show a decreasing trend over time because environmental policy (e.g. environmental impact assessment) helps identifying and avoiding external effects. This process leads to higher construction and generation costs over time opposing the trend from learning. The same holds for the effect from the scarcity of favourable sites. We expect that the implementation of these variables in an extended experience curve model for hydropower will result in positive learning rates. Final results are forthcoming in the next month.

This paper provides some insights beyond the standard concept of experience curves. By focussing on external effects as an additional variable and also integrating spatial variables, a new approach to modelling experience curves for hydropower has been developed.
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