Interim examination Energy analysis, 16 december 2003
· You can use the reader and books like BINAS and Key World Energy Statistics.

· The answers of the exercises may not be used.

· The examination can be done either in English or Dutch.

1. Describe the major social transitions that are associated with the wide-scale introduction of coal an oil products respectively. Indicate which major inventions were associated with the introduction of these fuels and why these energy carriers were necessary for these transitions.

2. A heat pump is driven by electricity and has a coefficient-of-performance of 4.5 (i.e. out of 1 MJ of electricity it produces 4.5 MJ of heat). The heat pump heats water from 10 °C to 70 °C. 

a. What is the conversion efficiency in terms of exergy of this heat pump?

b. The electricity for the heat pump is generated in a power plant with a conversion efficiency of 55% (LHV). What is the primary energy requirement per unit of heat?
c. The heat pump is compared with a natural-gas fired boiler. The boiler has a conversion efficiency (from natural gas to heat) of 107% (LHV). How can it be that the conversion efficiency is higher than 100%?

d. How much does a household save that if it installs the heat pump instead of the boiler?

3. Assume that Ireland the power demand at daytimes (7-23 h) is 6000 MW and at night times it is 3000 MW. This load pattern is constant over the year. Assume that the Irish electricity production system consists of the following components. 

	Fuel type
	Fixed costs

(euro/MW/year)
	Variable cost (mainly fuel costs) (euro/MWh)
	Capacity
(MW)

	Peat (turf)
	200,000
	15
	2500

	Wood
	150,000
	30
	2500

	Coal
	150,000
	20
	2500


a. Sketch the electricity demand for one day and how the power production is filled in with the various power plants. 

b. Why is the total capacity of the electricity production system larger than the maximum demand of 6000 MW?

c. The total demand increases by 5000 MW (day and night). What is the most economic way of expanding production capacity?

d. The total demand at daytimes (but not in the weekend) increases by 5000 MW. What is the most economic way of expanding production capacity?

e. The Irish government wants to stimulate the use of wood for electricity production. How could they do that? Be quantitative. 

