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In our final project we collected and weighed compostable food waste from various dining facilities at Oberlin College in order to answer the following questions:
1.How much compostable food waste per person per day does the Oberlin Student Co-operative (OSCA) produce?

2.How much compostable food waste per person per day does the Campus Dining Service (CDS) produce?

3.How much total food waste is produced per day on the Oberlin College campus?

Currently all food waste, from CDS is transported to BFI and only a small portion of OSCA’s food waste is composted. The majority of Oberlin College’s food waste, made from agriculturally valuable organic materials, is being landfilled.  Landfills have a limited capacity and are rapidly being filled.  New landfill sites are difficult to come by, incur greater waste hauling costs, consumption of fossil fuels, and environmental hazards.  We need to find an alternative organic waste solution.

 A group of students are currently working on a proposal to purchase and install a huge on-campus composting facility made by Wright Environmental Management Inc. The system is made up of fully enclosed stainless steel tunnels designed to compost all types of organic waste. It would ideally process all campus food waste, turning the waste into soil for use by local farmers.  Capacities for the units range from a few hundred kilograms to 30 tonnes (33 tons) per day and multiple units can be purchased and installed.  In order to size this unit and make a case to the college about the need for such a composting unit, we must have a good estimate of the amount of organic waste produced per person on campus.

We found that OSCA produced more organic waste per diner than CDS.  OSCA produced 0.696 pounds per person per day while CDS produced 0.466 pounds per person per day.  The entire campus produced a total of 1379 pounds of organic food waste per day.


To find these results, the variables that we examined were:
Pounds of compost collected on a given day in OSCA

Pounds of compost collected on a given day in CDS

Number of people dining in OSCA

Number of people dining in CDS

Three days of the week were selected that represent a variety of flows: Sunday, Monday, and Thursday.   On these three days, all compostable materials from all OSCA’s dining CO-Ops and two representative CDS dining halls (Stevenson and Talcott) were collected and weighed at the BFI scales.  We obtained the number of people entering dining halls where food waste is collected and the number of people who dine in OSCA.  (We were not able to get an exact count of the number of people who actually show up to each meal in OSCA.) 

In choosing Sunday, Monday, and Thursday, we attempted to capture the variability in a week of food waste production.  On Sunday, CO-Ops throw out all of their leftovers so we predicted that the food waste produced in OSCA on Sunday would be quite high.  Sunday’s meals in dining halls are usually poorly attended.  We guessed that there would be more waste from food prep at the beginning of the week in both CO-Ops and CDS and less towards the end of the week because food would be re-used. 

In order to compensate for seasonal variation in food production we conducted this study once during harvest season (before fall break), once during a period when not many diners were on campus (during fall break), and then again in colder weather conditions, when less local fresh fruits and vegetables are available (after fall break).  

The initial collected data:

	
	Week 1
	Week 2
	Week 3
	Total

	
	
	
	
	

	CDS
	
	
	
	

	
	
	
	
	

	Talcott
	
	
	
	

	pounds
	260
	closed
	300
	560

	diners
	663
	closed
	616
	1279

	pounds/diner/day
	0.39215686
	closed
	0.48701299
	0.43784206

	
	
	
	
	

	Stevenson
	
	
	
	

	Pounds
	2180
	640
	1870
	4690

	Diners
	4504
	1144
	4351
	9999

	pounds/diner/day
	0.48401421
	0.55944056
	0.42978626
	0.4690469

	
	
	
	
	

	Total 
	
	
	
	

	pounds/diner/day
	0.4722276
	0.55944056
	0.43688343
	0.46550807

	
	
	
	
	

	OSCA
	
	
	
	

	Pounds
	520
	closed
	530
	1050

	Diners
	600
	closed
	600
	1200

	pounds/diner/day
	0.86666667
	closed
	0.88333333
	0.875


The total pounds/diner data listed on this chart assumes that the mean pounds/diner is the same on Sunday, Monday, and Thursday for both CDS and OSCA.  This assumption may not be correct if there is a high degree of variation between pounds per diner on different days.  The dot plots below show pounds/diner for both CDS and OSCA for each day:
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The y-axis represents pounds/diner for each given day.  Data from OSCA is on the left, data from CDS on the right.   The figures for CDS are close together, probably just due to chance variation.  The OSCA data demonstrates much more variation, especially on Sunday.

In order to find an average day to compute our pounds per person per day in OSCA and CDS we first composed a box plot of pounds per diner on each different day.  We then performed an ANOVA to see whether the differences in recorded means of pounds/diner/day were due to chance variation or statistically significant.

Box Plot for CDS:
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Analysis of Variance For CDS
Pnd/Dnr

No Selector
 

Source
df
SS 
           MS
            F-ratio
Prob

Const
1
2.68350
2.68350
280.90
 ≤ 0.0001

Day
2
0.029415
0.014707
1.5395
0.2660
Error
9
0.085979
0.009553



Total
11
0.115394


Our p-value here is .2660.  Thus we fail to reject the null hypothesis: that the mean values for all days are equal.  Based on this analysis, we can conclude that the average of all days in CDS (.466) is an accurate estimate of the actual mean of pounds/diner for all days of the week.



We conducted a similar test with the data from OSCA.
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The box plot shows a considerable degree of variation between means in days.  Sunday appears to be significantly higher than both Monday and Thursday.  

Analysis of Variance For OSCA
Pnd/Dnr

No Selector
 

Source
df
SS 
            MS       
F-ratio
Prob

Const
1
4.59375
4.59375
97.566
0.0022

Day
2
1.27750
0.638750
13.566
0.0314
Error
3
0.141250
0.047083



Total
5
1.41875



Our p-value for our analysis of variance is .0314, thus we reject the null hypothesis: that the mean values for all days are equal.  Based on this test, we cannot assume (as we did with CDS) that the mean of all days will give us a good estimate of the average day in a given week.  Because Sunday seemed to vary more than our other data, we conducted the same box plot and ANOVA tests on data just from Monday and Thursday.
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Analysis of Variance For Monday and Thursday in OSCA
Pnd/Dnr

No Selector
 

Source
df
SS 
            MS
            F-ratio
Prob

Const
1
1.26562
1.26562
41.327
0.0234

Day
1
0.105625
0.105625
3.4490
0.2044
Error
2
0.061250
0.030625



Total
3
0.166875


Our p-value is .2044, thus we fail to reject the null hypothesis: that the means for Monday and Thursday are equal.  Thus, we will assume that Sunday is an anomalous day and that Monday and Thursday are representative days for the rest of the week.  Therefore, in determining our overall pounds/diner mean for OSCA, we will not use the average from those three days.  Rather we will take the average from the Mondays and Thursdays, multiply it by the number of days we believe it represents (6), add the average from the Sundays, and divide by the total number of days in the week to give the daily mean pounds/diner.

So: 

((Monday Avg. +Thursday Avg.)(6/2)+Sunday Avg.)/7 = ((0.400+0.725)(6/2) + 1.5)7 =0.696 pounds/diner/day

With our average pounds of food waste produced per day, we want to determine an estimate of the mean total pounds of compost produced by the Oberlin College campus on any given day.  To determine this, we took the mean pounds per diner per day and multiplied by the number of diners for each group.  

So: 

T = 2020 TCDS + 630 TOSCA 

Where T = total pounds/day, the multipliers representing the number of diners in each group, and T CDS and OSCA equaling pounds/diner/day for each group.

or (OSCA pounds/diner/day)(OSCA diners) = OSCA pounds/day = (0.696 pounds/diner/day)(630 diners) = 438 pounds/day OSCA

(CDS pounds/diner/day)(CDS diners) = CDS pounds/day = (0.466 pounds/diner/day)(2020 diners) = 941 pounds/day CDS  

438 pounds/day OSCA + 941 pounds/day CDS = 1379 pounds/day Total 

For a confidence interval for total pounds/day for the entire campus:

T ± z(SD TTotal)

Assuming: SD TTotal = SD TOSCA + SD TTal + SD TStv(FB) + SD TStv(NFB) 

I.

SD TOSCA √(Var TOSCA)  

Based on the equation for pounds/person for OSCA as given above:

Var TOSCA = (3/630)2(SD xM/(√(2)))2 +  (3/630)2(SD xt/(√(2)))2  + (1/630)2(SD xS/(((2)))2 = 0 + 2778.6 + 3632.8 = 6411.4

SD TOSCA = √(6411.4) = 80.071

II.

SD TTal = √((1/(4-1))((120-140)2 + (160-140)2) = 16.3

III.

SD TStv(FB) = √((1/(2-1))((537-572)2 + (607-572)2) = 49.5

IV.

SD TStv(NFB) = (((1/(6-1))((1855-1475.8)2 + (1299-1475.8)2 + (1361-1475.8)2 +(1702-1475.8)2 + (1306-1475.8)2 + (1343-1475.8)2) = 240.8

V. 

SD TTotal = 80.071 + 16.3 + 49.5 +240.8 = 386.7

95% Confidence Interval:

1379 ±(1.96)(386.7)

1379 ±757.9

(621.1, 2136.9)

Based on these findings, we can say with 95% confidence that the total amount of compost produced by Oberlin College on a given day is between 621.1 lbs. (282.3 kg) and 2136.9 lbs. (971.3 kg).


The CDS kitchen was curious about how much of the waste that they produced was coming from plate scraps (students not finishing their food) and how much was coming from waste produced in the kitchen.  To get an idea of the source of food waste, during the last week of audits, compost from Stevenson was separated into waste coming from students’ plates (labeled ‘dishroom’) and that coming from cooks’ kitchen “waste,” labeled ‘kitchen.’ The relevant data is given below:

	
	Sunday
	%
	Monday
	%
	Thursday
	%
	Total %
	Total Weight

	Kitchen
	180
	0.32
	400
	0.54
	240
	0.44
	0.45
	820

	Dishroom
	380
	0.68
	340
	0.46
	300
	0.56
	0.55
	1020

	Total
	560
	1.00
	740
	1.00
	540
	1.00
	1.00
	1840


Conclusions:

In answer to our original three questions: 

1. On average OSCA produces .696 pounds of food waste per diner per day.

2. On average CDS produces .466 pounds of food waste per diner per day.

3.  We are 95% confidents that Oberlin College produces between 621 and 2136 pounds of food waste per day. 

Our data collection ran fairly smoothly, but there are quite a few potentially confounding variables that should be considered when examining these results.  Two of the most relevant confounding factors were:  The scales at BFI are made for measuring much larger volumes and may not always have been accurate for the smaller volumes of food waste that we weighed.  It was impossible to monitor and control where all of the food waste in each CO-OP and dining hall ended up.  Not all food waste ended up in our collection containers.  For this reason we might assume that the numbers we found are lower than the actual values of food waste being produced.


We are certain that these numbers give us a fairly good estimate of food produced per day however.  We will use these numbers to make a case to the Oberlin College community for the need for an in-vessile composting unit, so that the 621 to 2136 pounds of food waste produced per day is recycled back into fertile topsoil rather than being carted off to the local landfill.

Single hatch – Monday


Cross  hatch – Thursday


Circle – Sunday 








