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1. Introduction

This exercise was adapted from:
Jonathan Osbome, Sibel Erduran, Shirley Simon, Ideas, Evidence & Argument in Science (IDEAS), King's College London, 2004, pp. 10-18,  https://www.stem.org.uk/elibrary/collection/3308 
https://www.stem.org.uk/resources/elibrary/resource/28125/ideas-resources 

The aim of this exercise is to explore the feasibility of using different energy sources such as wind, hydroelectric, nuclear, and solar for producing electricity by developing several evidence-based argumentations. Section 2 presents the inquiry and Section 3 presents the corresponding argumentations developed with the sInvestigator system. 
sInvestigator may be downloaded from http://lac.gmu.edu/sInvestigator/
The knowledge base containing the argumentation may be downloaded from 
http://lac.gmu.edu/sInvestigator/CaseStudies/GeneratingEnergy.zkb

2. Inquiry: What type of energy to produce?
Imagine the following scenario. A lethal airborne virus has wiped out the vast majority of people on the earth. Although it has killed off a lot of the people, it has not damaged any other wildlife or the environment in any way. The whole of society has broken down and the technological age has come to a complete halt. After a while, the few people left alive who were immune to the virus have come together in communities to help each other to survive. The main priority now is to provide some way of producing electricity.
You are one of the few people left and have been elected as representatives on a committee to decide the way forward to produce energy for the community. The place where you have settled is near a waterfall on a river which is tidal. There are cliffs around the flat open ground on top, ideal for trapping solar or wind energy. Nearby are deposits of plutonium. Luckily there is a disused power station in the locality which can quite easily be converted to produce electricity from whichever energy source you decide to use.
One of the main priorities of these communities is to provide some way of producing electricity. On the island there are the following:
· a large waterfall which could be used as the site for a hydroelectric power station;
· cliffs with flat open ground on the top where wind turbines or large numbers of solar cells could be placed;
· sources of uranium;
· a disused power station which could be easily converted to produce energy from uranium (nuclear energy).
A survey has been carried out amongst the survivors about the different energy sources and the results have been used to produce statements about the four possible energy sources (Wind, Hydroelectric, Nuclear, Solar, Wind). You are some of the few people left alive and have been elected as representatives onto four person Committees. Each member of the Committee has chosen a different energy source which they think will be the best. The role of the Committee is to discuss the advantages and disadvantages of all four energy sources and then to decide on the best way to generate electricity.

Wind Energy: Statements
· Relatively easy to set up.
· Does not work when there is no wind or when the wind is too strong.
· Each wind turbine does not generate very much electricity.
· Does not produce any gases which pollute the atmosphere.
· Low production costs – wind is free.
· Some people think wind turbines look ugly.
· A renewable source of energy
Hydroelectric Energy: Statements
· Does not produce gases which pollute the atmosphere
· Generates electricity continuously provided that there is enough water flowing
· A renewable source of energy
· Very expensive to build a dam and hydroelectric power station
· Low production cost - water is free
· Usually involves flooding farm land or forests
Nuclear Energy: Statements
· Very expensive to set up
· Can be very harmful if it goes wrong
· A very small amount of nuclear fuel (uranium) provides a very large amount of electricity
· Does not produce any gases which pollute the atmosphere
· Very high maintenance costs
· Very reliable and can provide energy for a long time
Solar Energy: Statements
· Solar cells are difficult to make
· Only produces electricity when the sun is shining
· Does not produce any gases which pollute the atmosphere
· Low production costs - sunshine is free
· A renewable source of energy
· Not very efficient - each solar cell does not produce much electricity
Assess each of these sentences based on evidence and develop argumentations that show the advantages and disadvantages of each energy source.
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3. Analysis
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E1 No pollution (It's a clean fuel source. Wind energy doesn't pollute the (£
air like power plants that rely on combustion of fossil fuels, such as coal or
natural gas, which emit particulate matter, nitrogen oxides, and sulfur
dioxide—causing human health problems and economic damages. Wind
turbines don't produce atmospheric emissions that cause acid rain, smog, or
greenhouse gases.)

E2 Set up cost (The National Renewable Energy Laboratory measured all
the costs in setting up a commercial wind turbine. Only 20% of the total cost
of the turbine went into grid development, foundation, assembly &
installation, and other processes of turbine setup.)

E3 Wind Energy Prices (The report found that U.S. wind energy will
continue to be one of the lowest cost electricity generation technologies
available, with the long-term wind electricity price available through a power
purchase agreement coming in at about half the expected cost of just
running a natural gas power plant. Furthermore, stiff competition from both
natural gas and solar energy are poised to push the wind industry to achieve
even lower prices and higher performance through the development of bigger
turbines tailored to maximize their output even in regions with less than
optimal wind speeds.)

E4 Renewable energy (Renewable energy is energy from sources that are @
naturally replenishing but flow-limited; renewable resources are virtually
inexhaustible in duration but limited in the amount of energy that is available
per unit of time. The major types of renewable energy sources are Biomass
Wood and wood waste Municipal solid waste Landfill gas and biogas Ethanol
Biodiesel Hydropower Geothermal Wind Solar)

E5 Operating conditions (Most turbines automatically shut down when
wind speeds reach about 88.5 kilometers per hour (55 miles per hour) to
prevent mechanical damage. This reduces electricity production when high
winds occur and people need continuous power from the wind. They also
don't produce electricity if the wind is blowing too slowly)

E6 Energy generation (With a typical wind turbine, pressure from wind
turns the blades or fans of a turbine, which are attached to a shaft that spins,
which is in turn connected to a generator. The spinning of the shaft generates
energy, stored as electricity, within the generator. As of 2013, "The current
operating fleet of wind capacity in the US can power the equivalent of more
than 15 million average American homes." [1] The equation for how wind
power is captured by a turbine can be expressed as P = 16/27 x 1/2 x pv3 A
n where 1/2 pv3 is the power density in the wind, A is the swept area and n
is the efficiency of the wind turbine. [2] Specifically, 16/27 represents the
Betz limit, or the maximum amount of power any turbine can draw from the
wind.)
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