Comprehension Exercise - Batteries

An engineer wishes to construct a third world supply of electricity to a house.  He purchases 40 car batteries, each designated 12 V 40 A-hr, at a cost of £30 each, and also a solar powered charging unit costing £100 per square metre.  He intends that the batteries should be charged during a 12 hour day and used during a 12 hour night, mainly for lighting purposes.  He recognises that the solar cells are only 15% efficient and that, on average, they are likely to receive solar energy at a rate of 200 Wm-2.  He also realises that the batteries and solar cells will deteriorate in use and are likely to last about 5 years before needing to be replaced.

1.
Calculate the energy stored in the fully charged system.
2.
Calculate the total area and capital cost of the solar cells required to fully charge the system in one average day.
3.
Calculate the total capital cost of the system.
4.
What is the maximum number of 100 W bulbs could be used constantly during the 12 hour night?
5.
In what format should he wire up the batteries if they are to supply bulbs rated at 


240 V?
6.
Calculate the capital cost of producing 1 kW-hr of electricity with this system and, assuming other costs to be negligible, compare this cost with that charged for electricity in the U.K.
7.
Comment on whether or not you think that this would be a good system to install.  What other costs have been ignored in the above calculations?
Energy Transfer

The following passage gives some data about the hydro-electric pumped storage system at Dinorwig in North Wales.  Answer all of the questions using data from the passage where necessary.  In all numerical questions choose to work to a number of significant figures appropriate to the accuracy of the data given, (2 in this case), expressing answers in standard form or using suitable metric multipliers.

When generating its maximum output of about 800 MW, the water flows at a rate of 420 m3s-1 down a vertical pipe of 10 m diameter.  Assuming no change in pipe diameter, the water speed through the turbines is therefore 5.3 ms-1 and the kinetic energy of the water passing through the turbines each second is close to 6 MW.  This is a very small fraction of the electrical power generated.  The total volume of water in the upper reservoir is 
7 x 106 m3 and this falls through an average height of 500 m.  When the 6 turbines are used as pumps, the water is raised from the lower reservoir to the upper reservoir in 6 hours, with each pump requiring about 280 MW for the process.

1.
If the water fell freely through the vertical height of 500 m, at what speed would it strike the turbine blades?
2.
Justify the statement that the actual water speed is 5.3 ms-1.
3.
Justify the statement that the power loss due to the kinetic energy retained by the water is close to 6 MW.
4.
What is this power loss expressed as a percentage of the electrical power output?
5.
For how long will the system give an output of 800 MW?
6.
Show that the energy potentially available from a full upper reservoir is 3.4 x 1013 J.
7.
What is the actual electrical energy output to the system if all of the water in an initially full upper reservoir is used?
8.
What is the efficiency of production of electricity?
9.
What electrical energy is required to pump this water back into the upper reservoir from the lower reservoir?
10
What is the electrical efficiency of the whole process of supplying electricity and re-charging the upper reservoir?  What do you think has happened to the 'lost' energy?
11.
Why do you think that such a system has been designed for incorporation into the National Grid?
