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Overview 
In the current technology-policy discussion two arguments are frequently made in support of deployment of new technologies. Firstly, the experience that comes with deployment and advances through R&D are said to reduce the costs of the technology. Secondly, it is argued that governments should support a portfolio of new energy technologies. These arguments are usually descriptive in nature and based on case-studies. This paper will combine and quantify the mentioned approaches, with the purpose of providing practical policy guidance. 
Although it may be perfectly reasonable to assume that experience through deployment and R&D will reduce the costs, we do not in advance know to what extent. We do therefore not know whether these costs reductions will suffice to make the new technology viable and whether it can make a significant contribution. However, with increasing experience we should at least be in a better position to assess its potential – regardless whether that turns out to be more optimistic or more pessimistic. Hence, the idea of learning-by-doing refers not only to the cost reduction of the technology upon deployment, but also to the investor's more accurate expectation of its potential. An evaluation method is necessary, because governments and industry want credible and transparent criteria as to when a technology is abandoned. This reduces regulatory risk for the private sector, and regulatory capture for the government. 

The second argument says that investing in a portfolio of technologies decreases the risk associated with individual technologies. It is therefore wise to invest in more than one technology, if the investor wants to maximize the probability that at least one technology is eventually successful. Also, diversification could decrease the dependence on volatile prices and scarce resources. But, given that every added technology diversifies our portfolio, we could ask whether it would be worthwhile to pursue all of them?
This paper will address both the real-options and the portfolio questions, with the purpose of providing practical policy guidance, and rules for when to strategically abandon or invest. 
Method


First, for the real-options part, we model the development of a single renewable technology as a stochastic optimal-control problem, where the successful completion of the renewable technology (and the corresponding date) is a random variable. This random variable has a probability distribution that reflects all possible outcomes, and the ranges of its parameters depend on the obtained experience by deployment or alternatively on the R&D efforts of the investor. The investor is rational and Bayesian, in the sense that he updates his expectation of the potential of the technology when he has more information about the learning rate. The idea of learning-by-doing refers not only to the empirical improvement of the technology upon deployment, for which we will use data, but also to the investor's more accurate valuation and expectation of its potential. Therefore, the investor may decide to cut funding for the renewable technology under consideration, or to increase investment efforts along the way, when uncertainty is resolved. This continuous option to adjust investment efforts increases the value of the project. 
We anticipate being able to find a closed form solution, perhaps under quite restrictive conditions. However, we will also investigate the problem numerically with more realistic assumptions. 
This part of the analysis will provide
· the real-options value of strategically adjusting investment levels when sampling the learning curve, taking into account uncertainty

· a sensible abandonment policy
With just one renewable technology under consideration, an investor without a budget constraint would simply invest up to the marginal value of the last dollar. However, when the investor pursues a whole portfolio of renewable technologies, and only requires one technology to eventually be successful, then the last dollar could maybe have been spent better. We assume that deployment of the technology leads to an initially accelerating and eventually decelerating accumulation of know-how. The development of this know-how will shed light on the ranges for parameters determining the learning curve, and thus on the technology’s final performance. Since also the expectation-value of the project upon completion will change, better knowledge of the parameters of the learning curve will guide changes in the rate of investment – which connects with the first part of our analysis. We will use integer optimisation to determine the efficient frontier in terms of risk and expected pay-off. Also, we will consider the effect of adding a single technology to the portfolio, given the stochastic evolution of the learning rates of all technologies in the portfolio.
This part of the analysis will provide

· the value of the parallel support of various technologies

· a sensible portfolio selection rule

Combining the two parts of our analysis, we will show the trade-off between exploring on the one hand, by investing in many different technologies, and exploiting on the other hand, by focusing resources on a small number of technologies, while taking into account that the learning curve of each technology depends non-trivially on the amount invested in it. 

Results

Combining the two parts of our analysis, we will show (i) decision criteria to decide on the continued support of a technology policy where information about the learning rate emerges with increasing investment into the deployment of a technology (ii) how this decision criteria applies to a portfolio of a technology. We anticipate that this will allow us to find a heuristic decision criteria for governments pursing technology policy. 
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