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- QFD Chart

The first step is a QFD chart, this is used to gather thoughts and organize them into a concise and functional diagram as seen in appendix 1.  Using a QFD chart many manufacturing and design flaws can be caught.  The QFD chart helped in developing the measurements that were needed to determine the effects of disposing the cups, both in a landfill as well as incinerating the product.  After determining which measurements were the most valid, tolerances were established and the measurements were taken.

- LCA

The second step was to perform a life cycle assessment test, this is a cradle to grave look at how the cups impact their surrounding.   A LCA was then completed for both paper cups and for polystyrene cups.  

LCA

Paper Cups and Polystyrene


Process

    Paper


         Polystyrene


- Calculations and Discussion of Lab Measurements 

In the lab there were three basic measurements that were taken.

1.) The amount of heat transferred from burning each type of cup.

2.) The volume of the cups before and after burning.

3.) The mass of the cups before and after burning.

The lab measurements for both volume before burn and mass before burn are very representative of the true volume and mass of the cups.  However the volume and mass after the burn was very difficult to measure and are therefore only approximations.

The third thing that was measured was the heat transfer from burning the cups.  The experimental values that were collected were close enough for us to make the comparisons that were needed.  The calculation were done not as exact values of the amount of energy that can be expected from burning each type of cup, but as a comparison between the amount of heat that was generated from burning each cup. 

The way that the calculate the heat produced is using the following equation:

Qw = mc(Tf – Ti)  this is the heat transfer of the water.           (equation 1)

Qa = M(Cp(Tout – Tin))  this is the heat transfer of the air.     (equation 2) 

Qtotal = Qw + Qa





    (equation 3)

Cp(air) = 0.240 BTU/lbm F



C = 1.0 BTU/lbm F
 water


Rair = 53.33 ft lbf/lbm R

Mass of the water 1.1lbs

There were three types of cups that were burned, they are:

1.) Loose packed Polystyrene

2.) Densely packed Polystyrene

3.) Wax coated Paper

INFORMATION ABOUT CUPS AND BURNING OF CUPS

	
	Wax coated paper
	Dense Polystyrene
	Loose Polystyrene

	Burnout time
	7.5  min
	11 min
	4 min

	Temp Air In (f)
	70.0
	70.0
	70.0

	Temp Water  (I)

                      (f)
	78.8

129.0
	112.7

116.2
	70.4

73.96

	Temp Air Chamber        (f)
	820
	332.125
	273.744

	Mass Air Flow Rate
	19.84 lb/hr
	22.04 lb/hr
	19.84 lb/hr

	Number of cups
	8
	8
	8

	Mass Before

Mass After
	0.0175lbs

0.00014lbs
	0.0079lbs

0.0001lbs
	0.0037lbs

0.0015lbs

	Volume Before

Volume After
	10ml

Unknown
	25ml

0.125ml
	50ml

1ml


Using equations 1, 2 and 3 the following heat transfers were calculated.

HEAT TRANSFER OF CUPS

	
	Wax coated paper
	Dense Polystyrene
	Loose Polystyrene

	Q air
	446.4 BTU
	254.198 BTU
	64.68 BTU

	Q water
	55.22 BTU
	3.85 BTU
	4.312 BTU

	Q Total
	501.62 BTU
	258.048 BTU
	68.99 BTU


Note: The value used for temperature out is an average over the entire time, from ignition to burnout.

-Analysis of Data

When a cup is disposed of there are two places that it can go, the landfill or the incinerator.  When a cup go to the landfill the volume of the cup is very important. The volume of the three cups are ranked as follows.

Paper < Dense Polystyrene < Loose Polystyrene

We must also consider the mass of the cups, this along with volume allows us to make a good judgment on how much volume the cups will occupy under compression.

Loose Polystyrene < Dense Polystyrene <Paper

- My Choice, Choosing the Better Cup

Considering the information provided above I recommend that Fleischmann Fine Foods use dense polystyrene cups.  When looking at how to dispose of these cups one must look at disposing of the cups by burning them in a waste energy plant as well as disposing them in the landfill. 

When disposing of them in a landfill the most important thing is the volume of the cup after it has been compacted.  To look at this we look at the original volume of the cup as well as the mass of the cup.  Looking at the density, the loose polystyrene cup has the potential to be the smallest under compression.  Followed closely by the dense polystyrene cup. Therefore if we were limited to only disposing of them in landfills we would recommend the loose polystyrene cup.

However we also dispose of them in the waste energy plant, in a waste energy plant the goal is to convert garbage into power.  To determine which cup produces the most potential for power when burned we look at the data for the heat transfer test performed in lab.  From this data we can see that the paper cup produced about twice as much heat energy as the dense polystyrene cup and close to ten times the amount of energy as the loose polystyrene cup.  If the only way that the cups were disposed of was in a waste energy plant the choice would be the paper cups since they produce a considerably larger amount of heat.

However we must consider that half of the cups end up in the landfill and the other half end up in the waste energy plant.  When we weigh all of the factors we see that the dense polystyrene cup falls in a happy medium for both energy produced as well as the volume taken up under compression.  Therefore the best choice for Fleischmann Fine Foods is the dense polystyrene cup.

-Group Participation 


I feel that I made a good contribution to the group, both in the amount of research done and in preparing that research for the oral presentation.  Overall I think that everyone did their fair share of the project and that the end result was a well designed oral presentation. 

Raw Materials











Manufacture

















Pollutants




















Use and Reuse











Post Use





High petroleum


Few chemicals











Low energy


Little water














No chlorine gas


No carbon dioxide


No CFC’s


No methane gas











Easy to clean














Clean incineration


Large amount of heat


Little mass in landfill





Large amounts of wood


Petroleum


Chemicals








High energy


High water consumption











Chlorine gas


Low carbon dioxides


No CFC’s


Mild methane gas











Washing destroys


Much more than initial cost








Clean burning 


Large mass in landfill


High heat








