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For more information about E-Factor: Sheldon, R. A. ChemTech, 1994, 24, (3), 38; Sheldon, R. A. Chem Ind (London), 1992, 903; Sheldon, R. A. Chem Ind. (London), 1997, 12.


This activity was adapted from Professor Irv Levy of Gordon College, “The goal is zero; E-factor as a                                                                          green chemistry metric” � HYPERLINK "http://www.cs.gordon.edu/~ijl/visualizingWaste/" ��http://www.cs.gordon.edu/~ijl/visualizingWaste/�








E-factor is a measure of the quantity of waste produced in making a product, compared to the amount of useful material obtained (the product). The quantity is easy to compute in principle. E-factor is defined as:


E-factor = mass of waste ÷ mass of product


In practice, it might be difficult to measure the amount of waste generated in a direct way. We could instead measure the quantity of material put into the system and subtract the mass of material output from the system. In the simplest case, the only output from the system would be the final product. If materials (e.g. solvents or catalysts) are recycled, however, then the output of the system would also include those materials.


E-factor = (mass of inputs - mass of outputs) ÷ mass of product


The principles of green chemistry direct us to reduce waste rather than dealing with it afterwards. Clearly, the best scenario is one in which no waste is produced. All of the materials that go into the system are used in the final product or they are recycled. In this case, the E-factor is zero, leading to the challenge: "The Goal Is Zero".


In this demonstration, imagine that a certain person only chose to eat green M&M's and disposed of the others. In that case, you might consider the input to the system to be a normal bag of M&M's and the output to be just the green ones. Use a bag of M&M’s to calculate the E-factor assuming that your product is the green M&M’s. What do you think the real E-factor will be in a normal bag of M&M's when you try this exercise?





# of Green M&M’s in the bag: __________		# of non-Green M&M’s in the bag: _________





E-Factor: _____________________________________________________________________





How does your result compare to the diagrams on the second page? What suggestions do you have to improve your E-factor and reduce the waste in your bag of M&M’s?














Green Chemistry


Education and Outreach for a Sustainable Future


Green Chemistry is the science of inventing sustainable products and processes to create safe, non-toxic materials for a sustainable society. The focus of green chemistry is innovation and creativity through chemistry. 


Throughout Green Chemistry, there are a number of ways to determine if one method of making a product is better than another. One such metric is called the E-Factor or the Environmental Impact Factor. The E-Factor is the measure of the amount of a waste generated while making a product. The simple ratio of units of waste divided by units of product tells us that the lower the E-factor, the less waste is produced. 








   The Goal is Zero	
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As discussed, the most common way to improve the E-factor is to recycle some of the materials that go in to the process. This example illustrates another way to improve E-factor: by finding alternative uses for the by-products. In this case, perhaps you can find a friend who will be willing to eat non-green M&M's (try the experiment to see!). If so, then you can include the other M&M's as useful product as well. The E-factor will now be nearly zero, but not exactly zero unless you can also find an alternate use for the empty bag.
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