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1. Consider a hydropower plant having a single reservoir with storage capacity of 
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. Assume discrete time and state the accumulation process of the reservoir using Rt for the stock of water at the end of period t, wt for the inflow during period t, and rt for the use of water (release on to the turbines) to produce electricity, 
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(measured in kWh), during period t. Water variables are measured in cubic metre of water (m3). 

a) Define the situation of overflow of the reservoir. 

b) The production function for electricity can be written
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What is the unit of measurement of the fabrication coefficient a?  Explain the calibration of the coefficient. 

c) Show how the water accumulation equation can be converted from being measured in water units (m3) to being measured in energy units (kWh).

2. Consider a single plant – single reservoir description of a hydro power system of a country (or region). Assume also a single consumer and disregard transmission activities. Measure all the variables in energy units (kWh). The social planning problem is set up as
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New symbols are T for the planning horizon, 
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for the demand function (on price form) for electricity, and 
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for the maximal production capacity of the hydropower system.

a) Discuss the objective function for the planning problem. You can assume that the variable cost of hydro power is zero.

b) Why is the planning problem formulated as a dynamic problem?

c) Discuss reasons for a constraint on production to be realistic. 

d) Derive the Kuhn – Tucker conditions for an optimal solution to the planning problem. Discuss the interpretation of the shadow prices associated with the three constraints of the problem. 

e) What are the circumstances that may lead to a binding constraint for production? Discuss the concept of locking in of water and the concept of manoeuvrability of the reservoir.

f) The solution of dynamic problems is found by starting with the optimal solution for the last (terminal) period and then working backwards towards the first period. Show the Kuhn – Tucker conditions for period T and discuss the nature of a possible optimal solution, making economically realistic assumptions. Discuss also the possibility of a binding production constraint in period T. Consider especially the role played by an assumption that demand for electricity is never satiated concerning the value of the shadow price on stored water in period T.

g) Illustrate a possible solution for periods T-1 and T in a bathtub diagram for reasonable assumptions above. Point out the correspondence with the Kuhn – Tucker conditions derived in d).

h) Identify events that may lead to social price and shadow price changes, including the role of the production constraint, and show how the Kuhn – Tucker conditions look like for such events. 

i) Consider moving backwards on the time axis (moving from right to left on the time axis) from time period T-1. Assume that the reservoir is between empty and full and that the production constraint is not binding for all periods from T-1 (including period T-1) to an earlier period u+2 (including period u+2). For period u+1 the production constraint becomes binding, but the constraint is not binding for period u. Under the assumptions above what are the shadow prices on stored water for period u+2, u+1 and u with reference to the social price in period T? What are the social prices for the same periods? Illustrate this situation using the two-period bathtub diagram for periods u and u+1. 
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