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Overview

The regulatory framework in Europe has undergone substantial changes during the last decade. While most European countries initially started with a cost–based regulation, incentive regulation is now the dominant regulatory regime in Europe. One of the main arguments for this regulatory regime switch is the regulators ability to set incentives for cost reducing investments and thus for more efficient grid provision. While the grid operator gets full cost refunding under cost–based regulation, incentive regulation works with predetermined regulatory periods wherein regulated tariffs and real cost are isolated. This cut between prices and cost should induce the grid operators to undertake cost–decreasing investments, as extra profits can be earned in this way. 

Brunekreeft and Bauknecht (2009) distinguish different investment opportunities for electricity grid operators. In addition to classical replacement and grid expansion investment, they highlight process and product innovations. The effect of the regulatory regime on innovations, which gain special importance in the light of smart grids and future challenges of electricity grids, has been rarely studied in literature so far (see e.g. Bauknecht (2010) and Growitsch et al. (2010)). Especially whether cost–based regulation or price–based incentive regulation is more advantageous for innovations is rather ambiguous.

Therefore, our paper contributes to this field by modeling the dynamic investment and innovation decision of an electricity grid operator on a discrete state space. We develop a simulation model in Matlab, which can be used to analyse the effects of different regulatory regimes on the investment and innovation decision of an electricity grid operator. Our modeling approach is in line with Borrmann and Brunekreeft (2010) whose theoretical analysis examines the effects of price– and cost–based regulation on the timing of monopoly investment.
Methods

In the following we give a brief presentation of the model. The problem is dynamic, since the grid operator seeks to maximize its profit over next period’s capacity (Kt+1) and marginal cost (Mt+1). We include two different types of investment decisions, grid expansion investment influencing next–periods capacity level and process innovation which influences the level of marginal cost tomorrow. The usual law of motion for capacity holds. Therefore, grid expansion is on the one hand necessary due to capacity depreciation. On the other hand demand for transmission capacity follows an n-state Markov process, with persistence [image: image1.bmp] and shock variance [image: image2.bmp].
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The stochastic behaviour of demand should also be taken into account when deciding on grid expansion, because insufficient capacity (Dt > Kt) is sanctioned by a penalty payment, which can be considered as congestion or system–balancing cost.

Concerning the process innovation decision, we introduce a decision variable (p) accounting for the adoption or non–adoption of an innovation.
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Due to wear and tear, marginal cost is increasing in each period up to the maximum level. If a process innovation is adopted, the marginal cost the transmission utility faces for next period is uncertain and determined by a Markov process with persistence [image: image5.bmp] and shock variance [image: image6.png]


. The chosen optimal cost (M*) are taken as expectation for the level of next period’s cost.
[image: image7.png]M1 =py - M* +on




The heart of the model is given by the regulatory rule which can be adapted to most regulatory systems. The current formulation allows a comparison of price– and cost–based systems.
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The control parameter b describes the balance between incentive and cost–based regulation, it is in the interval       [0, 1]. The higher b is, within this interval, the higher is the degree of incentive regulation, the lower b the more cost–based the regulatory rule is. Parameter a represents a fixed price, determined as average marginal cost, wacc refers to the weighted cost for capital, St represents the total power flow over the grid, Exp the grid expansion investment and Innov the process innovation.

The whole problem can be transformed into a Bellman equation:
[image: image9.png]V(K,M,D) = sup (K, M, D, P, Exp, Innov, Pen,p) + B - E[V (K", M, D')]
o K'eG(K),M'eG(M),pe{0,1}




With capacity (K), marginal cost (M) and demand (D) as state variables and next periods capacity (K′) and marginal cost (M′) and p as decision variables. Moreover P represents the price and Pen the penalty payment. Using this Bellman equation we program the dynamic investment decision of a grid operator in Matlab, by means of iterating over the value space. Referring to Banach fixed point theorem, the Bellman equation as contraction mapping applied on a complete metric space will converge to a fixed point and give the unique solution to the investment decision 
Results and Conclusions

Using the above described dynamic optimisation model, we are able to show that the choice of the regulatory regime, in particular the choice between a fixed price and a cost–based regime, matters. Cost–based regimes lead to higher  investments and innovations than fixed price regulation. Moreover, concerning innovative investments we identified a tendency of firms under cost-based regulation to utilize cheating possibilities. 
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