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The Problem

The University of Illinois generates large quantities of organic wastes.  In addition to the leaves and brush or “green waste” generated from grounds maintenance, the principal generators of large volumes of organic wastes include the Animal Sciences Department (AS; College of Agriculture, Consumer and Environmental Sciences; ACES) and the College of Veterinary Medicine (CVM). The Department of Animal Sciences has research facilities for dairy cattle, beef cattle, sheep, pigs, poultry and horses.  The Dairy Research facility alone generates approximately 30,000 cubic yards of manure per year, while the College of Veterinary Medicine’s Research and Teaching facilities generate close to 2800 cubic yards per year of soiled bedding (mostly straw and pine shavings with some manure).  Campus grounds (Facilities and Services) collects over 10,000 cubic yards of leaves per year mostly collected from October through December, along with 520 cubic yards of tree trimmings and brush clippings.  Presently, the CVM and AS are attempting to compost some of their wastes, but there is a need to improve the methods for composting to improve product quality and minimize potentially negative environmental impacts.  

Food waste generated from campus dining halls also represents a significant organic waste stream.  In Allen Hall alone (an all-you-can-eat dining hall on campus), students generate approximately 40 lbs/week per student of food waste.  With over 11,000 students eating at Allen Hall each week, this translates to over 6,000 lbs of food waste generated from just a single campus dining hall.  Most of this food waste either is put down the kitchen disposal or out in the dumpster.  
The Opportunity:  Why Compost?
There is great potential to blend these organic wastes in an integrated fashion and compost them collectively, thereby producing a beneficial product from materials currently viewed as wastes.  Composting these organic wastes on campus makes sense from a variety of perspectives:

a) it converts waste products into soil amendment resources that can be sold in the local community and/or used to beautify campus grounds
b) it results in potential cost savings to the campus departments and units who have rising costs for handling high moisture or high volume materials that are generated 365 days per year

c) it provides a way for the University of Illinois to reduce it’s environmental footprint by recycling 
d)   it could provide educational opportunities for students interested in composting or compost use
Project Objectives 

1. To evaluate the suitability of proposed composting facility locations that would compost residuals from AS livestock facilities (mainly the dairy but some manure coming from the new beef/sheep facility) and the organic wastes generated at the CVM.  Compare two possible sites:  one located near the current location of the Dairy research facility and CVM and the other located closer to the new Beef/sheep research facility.

a. Transportation of manure versus location suitability

b. Drainage problems at current location of dairy research facility - how will these problems be addressed and by whom?

2. To conduct a feedstock composting inventory analysis, determine appropriate composting recipes and select appropriate composting technologies (e.g. open air windrow, forced aeration or enclosed composting)

a. Dairy manure - amounts per month, characteristics

b. CVM waste - amounts per month, characteristics

c. Yard trimmings or green wastes (leaves, chipped brush) - campus and/or city of Champaign

d. Other feedstocks (food wastes from campus dining services, manure from other research facilities on campus like beef/sheep, swine or poultry)

e. Comparison of composting technologies (benefits and tradeoffs of each option including open air windrow, forced aeration, enclosed composting)

f. Visit sites (e.g. Brookfield Zoo and Illinois State University) where effective composting is occurring

3. To conduct a market analysis for the region (assessing current and potential markets for the finished products)

a. On campus use of compost in landscaping projects

b. Local garden centers

c. Homeowners, landscape contractors

d. Organic farmers

4. To provide estimates for costs and labor for constructing and managing the facility

5. To determine Illinois regulatory requirements for permitting the facility

a. Would on-farm exemption be possible? 

b. What are the issues related to producing and selling compost products?

6. To establish a pilot-scale composting demonstration using as many feedstocks as are available from campus sources (manures, vet med bedding, green waste, food waste)

Methods and Key Findings
Feedstock Inventory
We assessed the amounts (either volumes or weights) of each of the feedstocks or raw materials generated on campus including all of the manures and waste feed from each of the AS livestock research facilities, waste bedding from the CVM and  Facilities and Services leaves and brush/tree trimmings.  We interviewed each of the stakeholders (waste generators) of these feedstocks and collected samples for analysis of the following properties:

1) Moisture content (and % solids---100-% Moisture)

2) Carbon content
3) Nitrogen Content

4) Total organic matter content (and ash content –100-% Organic Matter)

5) Carbon to Nitrogen (C:N) ratio

6) Bulk Density (weight per unit volume)

We also conducted a food waste audit at Allen Hall Dining Services.  This is an all-you-can-eat style cafeteria.  For a period of three days the pre and post consumer food waste produced per student during breakfast, lunch and dinner was weighed and tabulated. We used the information collected from stakeholder interviews along with the data collected from the food waste audit to generate potential recipes for composting.  We also used the total volume information to calculate the area requirements for a composting facility.  

Findings: Feedstock Inventory (Table 1)
In general, the feedstocks generated from the beef & sheep facility, the poultry barns and the dairy research facility are the wettest and most nutrient rich of all of the feedstocks available for on-campus composting.  The moisture contents range from close to 50% to over 80% and the carbon to nitrogen ratios range from 6:1 (non-bedded poultry manure) to close to 40:1 (calf hutch bedding).  In contrast, the materials generated from the CVM (waste bedding from the research facility) and Facilities and Services (Campus Grounds) are drier and much lower in nutrients (25-50% moisture content and C:N ratios likely between 50:1 to 170:1).
In evaluating potential compost recipes from the feedstocks available (Table 2), it is feasible to compost all of the feedstocks generated on campus to meet requirements for high-temperature aerobic composting.  That is, the C:N ratio should be between 25:1 to 40:1 and the moisture content should range from 50-65%.  There a number of potential recipes that meet these criteria, and it would be possible to simplify feedstocks (combine all materials from the dairy research facility for example) and then develop recipes that are more general.  The total volume of wet livestock wastes and food wastes generated on a weekly basis (Table 1)  relative to the drier wastes generated from CVM and Facilities & Services are almost 1:1.5 by volume ( a little over 100 cubic yards per week wet wastes versus close to 156 cubic yards dry wastes per week).  The typical rule of thumb for composting wet materials with dry materials is 2-3 parts (by volume) dry materials to one part wet materials.  This suggests that the University should consider acquiring leaves or other dry, high carbon feedstock from outside sources to provide the proper balance of feedstocks for composting.  
The City of Champaign is very interested in having the University compost their leaves. According to Tom Schuh, City of Champaign, they collected approximately 580 tons (approximately 150 cubic yards from October-December or close to 2 cubic yards per day) if you assume a bulk density of 600 lbs/cubic yard) of leaves during fall 2006. Their current site for disposal is the transfer station in Urbana. Prior to 2007, their leaves were taken to the Landscape Recycling Center. However, the LRC was unable to utilize the volume in 2007. 

Food Waste Audit Findings
The findings show that a single student produces an average of 1280 lbs of food waste per academic year (32 weeks).  The characteristics of the food waste consist of an estimated 24% of pre consumer food waste (mostly fruit and vegetable peels), 20% overproduction in kitchen and 56% unconsumed food in tray. The findings show an insignificant degree of non-food contamination.  Paper waste produced was separately weighed and tabulated. Results show that the cafeteria produces an estimate of 9,900 lbs of napkins in an academic year.

Food Waste Disposal

Presently, Allen Hall dining facility handles the food waste by collecting tray food waste and passing it through a food disposer and directly dumping it into the sewer.  Although it is unclear what happens to the food waste after this, it is believed that all the food waste heads to the city of Urbana's waste treatment plant.  The over production in the kitchen is not disposed of in this way but is donated to a food bank. The students are encouraged to recycle in a separate bin all the paper and napkin wastes. As for the handling of food waste produced by the rest of the Residential Dining Halls at the University of Illinois at Urbana-Champaign, they have disposers for pot & pan scrapings. Any solid waste material is thrown into garbage containers with liners then thrown in the dumpster for removal. Paper, grease (used fryer oil) and cardboard are recycled.

Some Examples of Successful Food Waste Composting Programs at Other Campuses 

Cornell University: Since 1992 Cornell Farm Services has been composting 3,450 tons of animal bedding, greenhouse material and other agricultural waste at its compost site. And in 1998 Cornell's University Dining Services joined Cornell's Office of Farm Services and began to incorporate food scraps into an already successful composting program. Nearly 6,000 pounds of food waste per week from their dining facilities are collected. According to Gary Tennant, the Office of Farm Services manager in 1998, Campus Life's Dining and Retail Services pays Farm Services the same rate per ton to collect and compost food scraps as it would pay to have the food scraps sent to a landfill. 

According to Daniel Winch, Cornell’s compost project manager, both Cornell staff and students have played an important role in the program's success. Students are asked to separate milk cartons and other paper products from their food waste when leaving the dining halls since the beginning of their first semester. Dining staff is trained in pre- and post-consumer waste collection. They are responsible for operating a “pulper” that grinds and de-waters the scraps. 

Winch explains that the food scraps collected daily, are taken to the Farm Services complex for mixing with bedding material from the Equestrian Center and from some of the Veterinary College facilities. The mixture is stored in the mixer overnight and then transported to the compost site, where the scraps are composted in a separate, dedicated pile, or windrow. The windrows are turned at least once per week to break the fly cycle and keep the composting pile aerated. All runoff from the compost pad flows directly into an on-site retention pond. The compost pad is protected from receiving rainwater runoff from adjacent fields by a berm. The finished compost is used to build the soil structure of agricultural fields for the production of animal feed or on non-food production plots, and all runoff from the retention ponds is used to irrigate adjacent fields. Winch attributes the success of the project to the dedication by both the cafeteria line staff and the Farm Services field assistants.

University of California, Berkeley: Each year, the campus collects 60 tons of pre and post-consumer organic waste from dining halls, campus restaurants and other facilities. This collection is done by a non-profit composting enterprise supported, in part, by the Associate Students of the University of California (ASUC) and Cal Dining. 13% of the total waste produced at UC Berkeley comes from their dining facilities, producing an estimated 2850 pounds of compostable food each day across their four dining halls. While most colleges in the U.S. have introduced recycling programs, few have composting programs, and UC Berkeley, with a community of about 45,000 people, is one of the few to have both. 

University of Michigan: In March 1997, University of Michigan Waste Management Services received a $19,000 grant from the Washtenaw County Department of Public Works. This funding was used to implement a pilot food waste collection and composting program for the University of Michigan. The pilot program tested the technical and economic feasibility of adding prep-food waste from Dining Services kitchens to the City's composting site using food waste from 3 of the 10 residence hall kitchens on campus. The three pilot kitchens prepared on average 5,000 meals each day. During the 8-month pilot program, over 30 tons of food waste was collected. 

Due to the success of this pilot program, the current food waste composting program was created. The food waste that is collected as part of U of M's food waste compost program is vegetative, pre-consumer food waste generated during meal preparation. No waste produced by the students is collected in the program because of the composting method used. Currently, five residence halls participate in the food waste program. The majority of the waste collected by the Waste Management Services staff is transported to the City of Ann Arbor's compost site. The food waste is mixed with a bulking agent (wood chips) and is formed into long windrows. The finished compost is tested to assess its potential as fertilizer or soil amendment. On October 2001, UM Waste Management Services conducted a vermicomposting pilot to determine its potential as an alternative method for handling food waste currently collected on campus. Since the beginning of the food waste composting program in August 1997 through June 2006, almost 396 tons of food waste has been composted.

 Other Institutions that Successfully Compost Food Waste: Tufts University, with just 12,000 students, composts 147 tons, and recycles 100 tons of beverage containers, about 5% of its total trash. 

State University of New York (SUNY) in Binghamton has a food residuals composting program. Plate scrapings from the dining hall are taken to their garden and composting project. Advisor Dr. Richard Andrus explains that food residuals are mixed with leaves and loaded into bins made out of recycled pallets. Material is moved from bin to bin, and then eventually into windrows. According to Andrus, the important ingredients that helped launch the SUNY Binghamton composting program where dedicated students, supportive faculty and physical plant staff and a cooperative dining service.

At the University of Vermont, food waste is collected from several locations each day and taken to the Intervale, a non-profit compost business. On an average week, UVM collects 4.96 tons of food waste per week to be composted. The collected food waste is dumped and layered with other organic wastes such as leaves, yard debris and manure. The material is formed into long piles, or windrows. The finished product is used on farmland, and by home gardeners and landscapers
Composting area requirements

Based on the estimates of total daily volume generated (258 cubic yards per day), we calculated area requirements using two types of composting systems; a tractor pulled windrow system and an aerated static pile system (Table 3).  Both are relatively simple to manage and low cost compared to in-vessel composting technologies.  We assumed that piles would be 300 feet long and meet suggested height and widths for each composting method (On Farm Composting Handbook, 1992).  We also assumed that the active phase of composting would last for 60 days, and then piles would be consolidated into curing windrows for another 30 days.  We also included area for storage of finished compost.  The total surface area required for active composting of tractor-pulled windrows is approximately 5 acres, whereas the area required for aerated static pile composting is 2 acres.  Assuming 40% of the original material volume is lost during the active phase of composting, the total volume of material left to compost would be approximately 7500 cubic yards.  The area required for curing would be 0.7 acres, and the area required for storage of finished compost prior to sale or use would be an additional 0.25-0.50 acres.  Therefore, the total area required for composting using a tractor-pulled windrow system would be 6.5 acres and the total area required for the aerated static pile system would be 3.5 acres.  This does not include area requirements for buildings, roads or equipment storage.  

Potential Sites

The main stakeholders (AS and CVM) were interviewed to determine the best potential site(s) for a campus composting facility.  Key factors under consideration included:

· Proximity to the feedstocks (many of the feedstocks have high moisture and minimizing transportation distances for such feedstocks would greatly reduce handling costs)

· Site suitability—soil type, topography, slope drainage, proximity to a surface water body
· Proximity to neighbors (don’t want to adversely affect neighbors in terms of odors, dust, road traffic and equipment noise)

· Road accessibility (need roads that can handle trucks carrying wet manure)

Potential composting site

The best potential site identified by the stakeholders interviewed is located northwest of the current Dairy Research Facility (run by AS) and south of the CVM Campus complex (Lincoln Ave between St. Mary’s Street and Hazelwood Drive).  

It is currently a hay field managed by AS. 

Benefits of the proposed site:

· It stays relatively dry throughout the year.  

· It is large enough to handle the volume of organic wastes generated on campus (approximately 10 acres are available even though we would probably use half of that area).
· It is very close to major feedstocks from the Dairy Research Facility, the CVM and Facilities and Services.

· It has good road access.

· Since it is on campus, it is not close to Urbana neighborhoods who might object to potential odors, dust or noise.
Issues that need to be resolved

· Storm water drainage from parking lots at the CVM will need to be altered so that water does not flow to the site.
· The soils will need be to be graded to eliminate water ponding, clay may need to be added to make an impermeable surface (pad) for composting.
· Transporting other feedstocks like beef and sheep manures from the research facilities that are 3-4 miles from the site will need to be evaluated from a cost perspective.
Regulatory Issues

According to the Illinois Department of Environmental Protection (IEPA), the University can compost livestock wastes, food wastes, and landscape wastes within one facility; accept off-site materials; and distribute the end-product for sale to the public. However, similar to the composting facility at Illinois State University, this facility will require local siting approval and an operating permit from IEPA. It will be regulated as a pollution control facility rather than a landscape composting facility.

The issue of 'local siting approval' is questionable as the University may have sovereignty for any location on University property. This will require more analysis.  The estimated timeline to proceed through local siting, permit application preparation and submittal is 12 month minimum. 
Potential Markets for University of Illinois Compost 
Local potential buyers were identified and a questionnaire was developed to use as an instrument to survey potential compost buyers in the Champaign Urbana area. The survey was conducted by telephone interviews and is presented below.   
“I am conducting a compost market survey as part of a feasibility study on integrated composting carried out by the University of Illinois at Urbana-Champaign, funded by the Illinois Environmental Council. I am hoping that you could take just a few minutes to respond to some questions. The objective of the study is to determine the feasibility of producing high quality compost using locally available organic wastes (University of Illinois and surrounding communities) to sell to local markets. Your participation and expertise will help provide valuable insights into the quality standards that must be developed.  Individual survey responses are confidential and will only be used in aggregate.”  

“Please take a few minutes to share your experience by responding to the following questions:”
1. Do you currently use or sell compost?

Yes___


No___

2. If no, why not?

a. What would it take to get you to consider using compost?

3. If yes (that is, you use compost), 

a. For what uses?

b. What are typical application rates for each of the uses you have identified?

c. How much are you paying for the compost you use currently?

d. Where do you purchase your compost from presently?

4. If yes, (that is, you are buying compost),

a. How much do you buy and at what frequency?

b. How much do you pay ($/lb or $/cubic yard)

c. Where is the compost coming from?

d. Are you satisfied with the quality of the compost you are purchasing? (Please explain your answer)

5. In general, what attributes are you looking for in a high quality compost?

6. What negative characteristics should be limited or absent?

7. If a compost meets your quality criteria, at what price would you consider using it and how much would you use?

Characterization of responses by type of buyer
Golf Courses: Are looking to buy fine textured and high nutrient compost for topdressing greens and used as an alternative to fertilizers. They require a stable product free of weeds.

Garden Centers: With the exception of a few that buy out of town, the majority of the garden centers buy local bulk “composted” manure and sell retail to individual consumers. Their prices range from $1.99 to $3.00 per cubic foot (40 lb bag). Presently they sell between 500-1500 cubic yards per year. Ideally, they would like to offer to their clients a stable and consistent product free of weeds, high organic matter. The attributes that they are looking for are consistency in appearance, smell and content and low in salt levels. In general, they are willing to consider purchasing local high quality compost at an average price of no more than $20 per cubic yard.

Landscape Contractors, Parks and University Grounds: Are looking to purchase variable particle size compost: Coarse (for mulch), fine and mixed. They use compost for installation of new turf for lawns, flower beds or tree plantings. They desire a high quality, stable, high nutrient and organic matter, free of weed seeds.

Fruit and Vegetable Farmers: Fruit and vegetable farmers, particularly organic farmers, need a consistent quality, high nutrient compost that meets USDA National Organic Program (all of the feedstocks generated on campus are acceptable for organic compost; the composting process has to be well documented—time and temperature particularly).  Organic produce farmers also need weed-free compost since they cannot apply herbicides.  
Future Plans/Outstanding Information
Pilot composting trials
We have not established compost trials using the predominant feedstocks generated on campus due to lack of time over the summer.  However, this would still be worthwhile.  Ideally we would compare two composting technologies:

Windrow turned composting

Aerated static pile composting

We will evaluate labor requirements, compost pile performance (temperatures, moisture content, time to produce a biologically stable compost free of weed seeds) for each of the recipe X compost technology combinations.

Financials: Cost and Revenue Estimates for the Composting Facility
We will use a cost-revenue estimate calculated for campus composting over three years ago (Facilities and Services) to develop a budget for the proposed composting facility.  
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