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Seminar exercise 7

1. Consider a radial network with two generator nodes and one consumer node. We assume that a single generator is operating at each node and disregard the distribution network within the consumer node, and, furthermore, consider the consumer demand to be described by a single demand function for each period. One generator is a hydropower plant, and the other generator is a thermal plant. We consider two time periods only. The social planning problem is:
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The variables are:
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a) Derive the Kuhn – Tucker conditions for the problem (hint: set up the Lagrangian function and differentiate wrt endogenous variables)

b) Make assumptions you find reasonable and interpret the Kuhn – Tucker conditions for some alternatives. (Hint: positive production at both generating nodes, non-satiation of demand, not binding and binding reservoir capacity, no congestion on lines and congestion on at least one line)

c) Demonstrate nodal pricing for the three nodes for a time period and over time. (Hint: look at the relationship between the consumer price and the water value, and the consumer price and the marginal cost) 

d) What is the connection between the water value and the marginal cost of thermal output?  (Hint: Use the condition that the consumer price is independent of the generator type)
e) Assume that period 1 is a low-demand period and that period 2 is a high-demand period. Furthermore, assume that the reservoir constraint is not binding, and that we have zero congestion. Demonstrate that both generators will produce more in the high-demand period than in the low-demand period. (Hint: use the fact that marginal loss is increasing in output, and start by assuming that the hydro plant is producing more in the high-demand period).      f) How is the use of the hydro plant and the thermal plant influenced within a time period and across time? (Hint: This may be difficult; the relative use is influenced by relationship between marginal losses. Start by assuming that there is no threat of overflow and that in period 2 the marginal loss on the hydro line is less than the marginal loss on the thermal line).
2. Consider a loop flow network of alternating current (AC) with two production nodes and on consumer nodes as illustrated below.


[image: image3]
Furthermore, assume that the lines have the same impedance and the same length. Set the thermal-based loss to zero (the induction part of impedance dominates resistance). Assume that generator 1 produces 300 GWh and that generator 2 produces 600 GWh as upper limits. 
a) What is the maximal consumption at the consumer node? (Hint: use Kirchhoff’s first law.)

b) How are the flows distributed along the lines at maximal consumption? (Hint: Use Kirchhoff’s second law that flows are distributed according to resistance, flow from generating node 1 clockwise covers a distance of 2/3, while flow going anti-clock wise covers the distance 1/3, and vice versa for generator 2).

c) Assume that the line between the generators has a thermal capacity limit of 90 GWh, and that the capacities of the other two lines are sufficient to carry the flows in question without congestion. Can maximal production be maintained? If we try to supply the consumer node with as much energy as possible what will now be the distribution of the flows? (Hint: the flow constraint can be relieved if  generator 1 could produce more, but 300 GWh is the maximum, therefore generator 2 must reduce. Kirchhoff’s second law is still valid.)
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