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Overview
The decision of whether to abandon or “scrap“ a productive good is a fundamental issue in economics.  In this paper, I empirically analyze the factors that determine the decision to scrap wind turbines in Denmark.  The traditional economics litterature on the scrapping of durable productive goods tends to focus on marginal and average running costs, and relatively more recently, price and cost uncertainty of outputs and inputs.  Studies of vehicle scrappings, a particularily popular subject, tend to focus on repair and replacement costs and issues of depcreciation. But several factors make wind turbines a special case:

* Very low marginal operating cost
* Importance of geographic placement
* High rate of technological change
* High level of government involvement in output price setting and subsidies

The low, almost negligent marginal operating costs of wind turbines means that once the turbine is built, the real operating margin is nearly always positive.  It is highly unlikely that a real operating loss for the turbine could be the direct reason for a scrapping.  Another potential reason for scrapping is a combination of technical failure and the relative magnitude of reparation and replacement costs.  Yet technical failure plays only a minor role in the scrappage decision of wind turbines.  

Instead, my analysis shows that the dominant reason for scrapping a wind turbine is the opportunity cost that results from a combination of scarce land resources and a high rate of technological change.  An older turbine operating on a wind-rich location means that one can not put in its place a newer, larger and more efficient turbine. Scarce land resources is an especially important consideration for wind turbines since their energy yield is highly dependent on average wind speeds.  Other factors may also play a role in making land suited for wind turbines especially scarce, such as grid infrastructure, zoning rules, and environmental concerns.
Opportunity costs are often necessarily difficult to capture empirically.  However, in Denmark, the government has had a significant role in setting the tariff for electricity from wind power (and other sources) and changes in policy lead to sharp shifts in these opportunity cost.  Scrappage rates are shown to reflect these shifts in opportunity costs.  The importance of opportunity cost also leads to some initially counterintuive results.  When capacity is accounted for, more efficient turbines are shown to be at a higher risk of scrappage.
The Danish government also launched several schemes aimed at directly encouraging the scrapping of older turbines.  I find these schemes to be highly effective.  I disucss the policy makers motivation for such schemes and their connection to changes in renewable energy subsidies. 
Methods
I use a data set that consists of all 6754 land-based turbines constructed in Denmark between 1977 and February 2011.  2279 of the turbines were scrapped before February of 2011.  The data set includes variables for turbine capacity, height, rotor diameter, coordinates and principality of installation.  Date of installation, and if applicable, date of scrappage are also noted, as is the yearly amount of energy produced from each turbine.
Descriptives of scrappage rates through time are used to show the strong effect of energy policy on scrappage rates.   To directly test the effects that scrapping schemes as well as other factors had on the hazard of scrappage, I use both non-parametric and semi-parametric duration models.  The main reason for using such models, alternatively called survival or time-to-failure models is the issue of censoring.  Only a third of the turbines in my data set were scrapped over the period studied.  The remaining censored observations would cause biased estimators using simpler logit or linear-probability models. 
Results
I find evidence for a large and significant effect for both the scrapping schemes, this despite the disappointment expressed by the government itself at the effectiveness of the schemes.  The initial scrappage schemes covering turbines under 150 kW is estimated to roughly double the hazard of scrappage.  The estimated effectiveness for the second policy covering turbines under 450 kW is more uncertain, but is nonetheless large and significant - likely increasing the hazard of scrapping by a factor of between 3 and 10.
Using the data available on energy produced per turbine, I create an index of effectiveness where turbine capacity is divided out. Including this term in the semi-parametric estimation leads to the finding that more effective turbines have a higher hazard of being scrapped.  This finding, while initially surprising, can be explained by the importance of opportunity cost in the decision to scrap.  The relative effectiveness of a turbine, when capacity is taken into account, is a function of the wind conditions of its location.  While a turbine placed at a wind-rich site produces more energy, it also has a higher opportunity cost associated with it.

Conclusions

The findings in this paper have implications for both energy policy design and wind energy investment.  The expected lifetime of a wind turbine is an important  consideration in the investment decision.  This paper shows that this lifetime is not just a function of the mechanical quality of the turbine, but instead highly dependent on the opportunity cost that arises from an interaction of technological change, land scarcity and electricity prices.  Since these factors are in themselves ex-ante uncertain, the expected lifetime of a turbine (and potentially other energy investments) must be seen as inherently uncertain to a greater degree than is recognized in the litterature.  From a real options perspective, this uncertainty can have an adverse affect on investment.  
Wind power policy in Denmark also serves as an interesting case study in ex-ante and ex-post optimal energy policy.  A case can be made ex-ante for a generous wind power subsidy on several grounds - reduction in air pollution, energy generation diversification, technological spill-overs etc.  Instituting these policies in the form of guaranteed prices over a defined life-time may also be ex-ante optimal since this removes uncertainty that in itself may delay or reduce investment.  Yet there is a time-inconsistency problem.  From the point of the view of the policy maker, once the investments have been made, the technology developed, and wind power a significant contributor of energy, the generous subsidy is no longer optimal.  Denmark, as in other countries with renewable energy subsidies, lowered subsidies for newer installations as capacity grew.  Yet, existing turbines continued to recieve the older, more generous subsidy.  This, in effect, reduces the incentive to scrap their existing turbine in favor of a newer, more efficient turbine.  The scrapping incentive is then an attempt at fixing this unintended consequence.
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