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Seminar exercise 3
Consider the social planning problem with regulated hydro and run-of-the-river (wind)
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where
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1. Derive the Kuhn – Tucker conditions for the problem. (Hint: set up the Lagrangian function and differentiate wrt the endogenous variables.) Set up the analytical condition for use of run-of-the-river power only in a period (hint: look at the condition for zero use of regulated hydropower).
2. Use a bathtub diagram for two periods and show a case where unregulated power only is used in period 1. Explain the philosophy of the construction (hint: extend the regulated bathtub with run-of-the-river for both periods, and ask yourself the question  how to avoid any lock-in of regulated power in period 1).

3. Consider the following planning problem with two independent hydropower plants with a reservoir each and two periods:
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Derive the Kuhn – Tucker conditions for the problem. (Hint: set up the Lagrangian function and differentiate wrt the endogenous variables.)

4. Use a bathtub diagram to demonstrate Hveding’s conjecture  assuming that the social price in period 1 will be lower than the social price in period 2. (Hint: The floor of the bathtub is the sum of the total amount of available water for both plants. Show the available water in period 1 as the sum of availability of water for the two plants, aggregated reservoir capacity as the sum of the two individual reservoir capacities, and inflow in period 2 as the sum of the two inflows.)
5. Assume that one reservoir is larger than the other. Use the bathtub diagram to construct a situation such that the largest reservoir will not produce in period 1, but accumulate inflow and only produce in period 2. State the Hveding conjecture taking such an event into consideration. (Hint: the largest reservoir is not filled up in period 1 by the inflow and the starting level, i.e. the reservoir line from B reflects the available water and not the reservoir limit.)
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