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Abstract 

 Biogas, a sustainable natural gas equivalent, can be produced from food waste using 

anaerobic digestion.  Large amounts of food waste are produced at campus dining halls.  The 

goals of the study were to determine biogas production and implementation potential at the 

University of Florida’s Broward Dining Hall.  Food waste quantity and current disposal methods 

were determined.  The waste was analyzed for volatile and total solid contents and potential 

biogas yield.  The dining hall produces an average of 262 kg of food waste daily.  Food was 

digested in a daily-fed, daily-mixed anaerobic digester at a loading rate of 2 g VS/ L and a 30 

day hydraulic retention time.  The food waste produced an average of 0.5188 L biogas/g VS/day 

or a total average biogas potential for the dining hall of 39.8 m3/day.  This gas would supplement 

the natural gas needs of the dining hall.   Biogas at Broward Dining would help UF meet its 

sustainability goals by reducing waste and producing carbon-neutral energy.   
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Introduction  

 It is increasingly more evident that human activity is causing or enhancing global climate 

change.  One of the principal causes of this change is the atmospheric accumulation of carbon 

dioxide released by the burning of fossil fuels.  As human development continues to increase and 

fossil fuels continue to be depleted, it is an undeniable fact that sustainable, alternative energy 

must replace fossil fuels in order for human society to maintain its quality of life.  Rather than a 

single energy source taking the place of fossil fuels, the sustainable energy future must be a suite 

of renewable energy technologies (Wilkie, 2007).  One of these energy technologies with great 

promise is biogas production from organic residues (Wilkie, 2006). 

 Biofuels in general have come under much scrutiny in recent years. The energy obtained 

from some biofuels, such as corn ethanol, is almost equal to the energy put into the system, in 

some cases there is a net loss of energy.  Corn ethanol has also been linked to deforestation of the 

Amazon (Grunwald, 2008).  By growing crops specifically for fuel production, there is direct 

competition of food versus fuel prices.  This inevitably raises the price of food and, in a global 

economy, can be devastating to developing nations.  This does not hold true for biogas produced 

from waste material.  Rather than using land and crops to grow fuel, energy is being captured 

from material that would otherwise be a burden on industry and commerce.   

 Biogas technology is essentially the bio-digestion of any organic material under 

anaerobic conditions.  Anaerobic digestion produces a gaseous product, called biogas, composed 

of mostly methane and, to a lesser degree, carbon dioxide.  The process does not require any 

large expenditures of energy, as it is biologically driven by methanogens (Wilkie, 2005).  The 

biogas can be collected and combusted as a cooking or heating fuel or to produce electricity.  

Biogas is considered carbon neutral because all of the carbon released in its combustion has been 
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taken up from the atmosphere relatively recently through photosynthesis, unlike fossil fuels, 

which have stored carbon for millions of years.  In this way, biogas is a sustainable alternative to 

natural gas.  Additionally, a liquid and solid effluent is produced.  Since the anaerobic digestion 

only releases the carbon from the organic material, the other nutrients (nitrogen, phosphorus, and 

micronutrients) remain in the effluent.  The effluent can be used as a high quality, organic 

fertilizer and soil amendment (Wilkie, 2006).  Zhang et al. (2007) found that “digester effluent 

would provide the essential elements for plant growth if they are used as organic fertilizers.  The 

C/N ratio of the food waste is 14.8 and sulfur, calcium, and magnesium were, on wet weight 

basis, 0.25%, 2.16%, and 0.14%, respectively.” 

 Beyond making a carbon-neutral alternative to natural gas, biogas production offers a 

sustainable method of disposing organic wastes.  Increasingly, attention has been placed on 

converting food wastes to biogas.  Food waste is a major component of municipal waste; in fact 

Americans throw away about 25% of the food they prepare, equal to 96 billion pounds, which 

comprises 12% of the municipal waste stream (EPA, 2007).  Traditionally the vast majority of 

this food waste is disposed of in landfills, and less than 3% of the waste is recovered (EPA, 

2007).  Landfills require transportation energy and land.  They off-gas methane to the 

atmosphere, if not flared, and lock-up nutrients that could otherwise be used on crops.  Food 

waste can also be disposed of in an aerobic sewage treatment facility, but this process requires a 

large expenditure of energy.  Two other methods of food waste disposal are composting or 

combustion.  In either of these methods, however, there is a sacrifice.  By composting, the 

nutrients are retained but the energy is lost; with combustion, energy is captured, but the 

nutrients are lost.  In anaerobic digestion, both the nutrients and the energy can be captured.  

Food waste makes an ideal feedstock for biogas; it is readily digestible, has a high methane yield, 
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and is available in large amounts from point sources (e.g. restaurants, grocery stores, food 

processing plants, etc.).  Several studies have confirmed that food waste is a high quality 

feedstock.  Zhang et al. (2007) produced 0.435 L CH4/g VS after 28 days of digestion using a 

thermophilic batch digester.  Using biochemical methane potential (BMP) assay, Cho et al. 

(1995) generated a methane yield of 0.472 L CH4/g VS at 37°C for 25 days.  Heo et al. (2004) 

found a methane potential of 0.489 L CH4/g VS at 35 for 40 days.   

 This study analyzes the food waste stream from The Fresh Food Company, also known as 

Broward Dining Hall (BDH), a campus dining hall at the University of Florida in Gainesville, 

Florida and assesses the potential for biogas production of the food waste.  The facility is 

managed by Gator Dining Services (GDS), a subsidiary of the Aramark Corporation.  Currently 

there are two different food waste streams at the dining hall: food preparation waste (PW) and 

plate scraps (PS) (Figure 1).  There is also liquid waste (unconsumed drinks) that is disposed 

with the PS.  The PW, which includes raw kitchen scraps and expired food, originates from the 

kitchen.  It is disposed of in garbage cans, along with other non-food waste, placed in a 

dumpster, and trucked to the landfill in the neighboring county.  The other waste stream, PS, is 

the uneaten food left over on customers’ plates along with napkins and paper coffee cups with 

plastic lids.  The dining hall uses reusable flatware and dishes; therefore the vast majority of the 

PS stream is food waste.  Non-digestible materials (cups, lids, pieces of plastic) comprise a 

minimal proportion of the PS.  The PS stream is currently ground in a Hammerall C-1000R 

Mulcher which grinds the waste to a size of a 0.635 cm or less and flushes the waste to the on-

campus sewage treatment facility.  Figure 2 shows the PS collection site and mulcher.  The 

negative consequences of the current disposal methods at BDH are outlined in Table 1.  BDH 

makes a good candidate for a biogas reactor because the waste stream is relatively free from non-
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digestible material.  The non-digestible material can be easily sorted out.  The separation of the 

waste is done by dining hall employees, who can be trained to sort the food waste from non-food 

waste.  It is much more difficult to have uncontaminated waste streams when customers are 

relied upon to sort their waste.  The dining hall also has a food mulcher installed, which could be 

used to grind food waste and flush it to the digester. 

 
Figure 1: Breakdown of waste streams at BDH 
 
Table 1: Negative consequences of current disposal methods at Broward Dining Hall 

Landfilling - Prep Waste Aerobic sewage treatment - Plate Scraps 
·  Transportation energy and carbon ·  Requires water for flushing 

  

·  Methane released to atmosphere ·  Energy wasted on cooking uneaten food 
  

·  Land requirement ·  Energy demand at treatment plant 
  

·  Aesthetics ·  Loss of nutrients in exported biosolids 
  

·  Lock-up nutrients ·  Transportation of biosolids 

Solid Liquid 
·  Soda/Juice 
·  Milk 
·  Coffee Plate Scraps 

·  Cooked uneaten food 
·  Fruit rinds 
·  Napkins 

Prep Waste 
·  Uncooked kitchen scraps 
·  Cooked leftover food 
·  Spoiled food 

Sewer 

Food Waste 

Garbage 

Landfill 

Sewage 
treatment plant 

Land 
disposal 
biosolids 

Campus 

Off-campus 
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Figure 2: Plate scraps collection area and mulcher 

Materials and Methods 

Food Waste Audit 

 Food waste was collected separately for each waste stream.  Employees placed the food 

scraps into labeled garbage cans.  Non-digestible materials (i.e. plastic, coffee cups, etc.) were 

separate from the PS.  The waste was weighed periodically throughout the day for the entire day 

using a bathroom scale.  The hours for the dining hall are Monday-Thursday (7am-10pm), Friday 

(7am-9pm), Saturday (10:30am-9pm), and Sunday (10:30am-9pm).  On day 5 (Friday) of the 

study the dining hall closed at 7pm.  Days 10, 11, and 12 were Friday, Saturday, and Sunday, 

respectively.  All other days had standard weekday hours.  Collection took place over twelve 

days.  Complications arose on day 7 of the study, and no PS was collected; therefore only eleven 

days were included in the study.  Post-consumer drink waste was collected separately in three 

categories: soda/juice, milk, and coffee.  Each volume was recorded.  Customer counts were 

obtained to standardize results on a per capita basis.   
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Representative Sampling 

 For the first five days of collection, food waste was ground in order to test for total and 

volatile solids.  Three full days of each plate and prep waste were ground.  Food waste was 

ground using a paint mixer connected to an electric drill.  Once the entire waste stream was 

homogenized, sub-samples were taken to obtain a representative sample of approximately 2.5 kg.  

Samples were obtained from the following days: day 1 PW and PS, day 2 PW, day 3 PS, day 4 

PW, and day 5 PS.  Ground samples were kept under refrigeration at all times except when 

analyses were being performed.  Figures 3 and 4 show representative samples of PS and PW, 

respectively.  

    
Figure 3: Representative plate scraps sample Figure 4: Representative prep waste sample 

 

Total Solids (TS) and Volatile Solids (VS) Tests 

 Three sub-samples, weighing 100g each, were obtained from each representative sample.  

These sub-samples were tested for total and volatile solids using standard laboratory procedures 

(APHA, 1998).   
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Potential Biogas Generation 

 Digester and gas collector design 

 The digester used in this study was a 120 L daily-fed anaerobic digester (Figure 5).  The 

digester was mixed daily with a hand-powered stirring rod and tube.  Active volume of the 

digester was 90 L with a head space of 30 L.  The pressure head within the digester was 7 cm of 

water.  The digester had been operating at a minimal level for several months prior to this study 

and no additional inoculum was needed.  The digester was fed daily with PS at half the loading 

rate for one week prior to biogas measurements to acclimate the microflora to the feedstock.  The 

digester was in an open field with full exposure to the sun.  It was painted blue to absorb more 

sunlight and increase internal digester temperature enabling higher metabolism rates of the 

bacteria. 

 The gas collection and metering device consisted of a 208 L water-filled drum and a 

calibrated 120 L drum.  Gas flowed from the digester by way of vinyl tubing into the water-filled 

drum where it bubbled through and accumulated above the water.  The displaced water flowed 

into the calibrated 120 L drum, and was measured daily to determine biogas generation.  Water 

in the gas meter was emptied daily.  Water in the gas collector was refilled daily while flaring off 

the biogas.  
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Figure 5: Schematic of digester, gas collector, and gas meter (not to scale) 
 
  

 Loading Rate 

 The digester was fed at a loading rate of 2 g VS/L active volume per day or a total of 180 

g VS per day.  A conservative hydraulic retention time (HRT) of 30 days was used (Wilkie et al. 

2004).  It was fed homogenized PS, which was ground using a paint mixer attached to an electric 

drill.  PS was used because it was more standardized than PW, which varied more from day to 

day depending on what type of food was left over at the end of the day.  The actual wet weight 

fed to the digester varied depending upon the specific VS content of the each batch of PS; 

however it averaged approximately 500g.  This was done to ensure a constant loading rate of 2 g 

VS/L.  The PS was mixed with 2.5 liters of water, making 3L of feedstock.  Water was used to 

better simulate the situation of the dining hall where food waste is flushed with water and to 

prevent buildup of toxins within the digester.  The pH was monitored to ensure approximate 

neutrality (pH 7.0), which is ideal for methanogens (Speece 1994). 

 

Calibrated gas 
meter (120 L) 

Gas-flaring line 

Effluent 
discharge 

Stirring Tube 

Gas collector (208 L) 

Displaced water 
line 

Gas line 

Anaerobic 
digester 
(120 L) 

Feedstock 
Input 

Head space 
(30L) 
 
 
 
Active 
volume (90L) 

Biogas 
 
 
 
Water 

Air 
 
 
Displaced 
water=gas 
produced 
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Additional Tests 

 Bulk density of the PS was determined by packing the food waste into a 100 mL beaker 

and determining the mass.  Volatile solids of the digester effluent were determined using 

standard laboratory procedures (APHA, 1998).  This test was performed at the end of the 

digestion period to determine destruction of volatile solids within the digester.   

 

Results 

Food Waste Collection 

 Average daily PS and PW over the collection days was 144 kg with a standard deviation 

(SD) of 38 kg and 117 kg (SD 32 kg) respectively.  Average total daily food waste was 262 kg 

(SD 62 kg).  Figure 6 shows the daily PS, PW, and total waste weights.  Customer counts for the 

study period are shown in Figure 7.  Average per capita PS, PW, and total waste are 0.0873 

kg/customer, 0.0700 kg/customer, and 0.157 kg/customer, respectively.  Average daily drink 

wastes were 16.4 L, 2 L, and 0.5 L for soda/juice, milk, and coffee, respectively. 
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Figure 6: Daily food waste weights for plate scraps, prep waste, and total weight. 
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Figure 7: Customer counts over waste collection days 
 

TS and VS 

 Average TS/wet weight (WW), VS/WW, and VS/TS for PS were 34.1%, 32.5%, and 

95.4% respectively (Figure 8).  Average TS/WW, VS/WW, and VS/TS for PW were 26.7%, 

25.1%, and 94.2% respectively (Figure 9).  Average daily total VS were 76.6 kg VS/day (SD 

18.2 kg VS/day).  Average per capita VS for the study period was 0.0460 kg VS/customer.   
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Figure 8: Total solids (TS)/wet weight (WW), volatile solids (VS)/WW, and VS/TS for PS 
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Figure 9: Total solids (TS)/wet weight (WW), volatile solids (VS)/WW, and VS/TS for PW 

 

Potential Biogas Generation 

 The biogas production for the digester peaked at an average of 93.4 L biogas/day (Figure 

10).  Using this maximum biogas production, biogas yield of the food waste is 0.5188 L biogas/g 

VS/day.  The pH remained approximately neutral throughout the digestion period.    Digester 

internal temperature (measured at approximately 4:30 pm) is shown in Figure 11.  The per capita 

biogas production potential using the average per capita VS is 23.8 L.  
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Figure 10: Biogas produced from digester 
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Figure 11: Internal Digester Temperature 
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Additional Results 

 Bulk density of the ground PS was 1.0761 g/cm3.  Using this number, the average daily 

volume of ground food is 0.243 m3/day (SD 0.0576 m3/day).  The effluent had an average total 

VS content of 11.91 g VS/L or 35.743 g VS/day. This is an average VS destruction of 80.1% of 

the total load of 180 g VS. 

 Information provided by Gator Dining Services over the 2007 year regarding monthly 

customer counts, natural gas usage, and extrapolated potential biogas and methane production 

using the per capita gas yield is included in Table 2.  Figure 12 shows the price the dining hall 

paid for natural gas over the past 19 months. 

 

Table 2: Gas usage and biogas potential for 2007. 

Month 
(2007) 

Gas 
Usage 
(m3) 

Customer 
Count 

Potential 
biogas 
production 
(m3) 

Potential 
methane yield 
(assuming 65% 
composition) 
(m3) 

Percentage of 
methane from 
biogas to 
methane used 
(%)  

January 2298 29,035 693 450.5 19.6 
February 3652 47,159 1126 731.7 20.0 
March 3027 41,030 979 636.6 21.0 
April 4421 43,094 1029 668.6 15.1 
May 2647 20,979 501 325.5 12.3 
June 2472 28,005 668 434.5 17.6 
July 3283 40,260 961 624.6 19.0 
August 2750 9,308 222 144.4 5.3 
September 4420 40,260 961 624.6 14.1 
October 4509 61,509 1468 954.3 21.2 
November 3702 58,000 1384 899.9 24.3 
December 2353 34,097 814 529.0 22.5 
Average 3294  37728 901 585.3 17.8 
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Figure 12: Price per therm (2.77 m3 natural gas) of natural gas over last 19 months 

 

Discussion 

 By extrapolating the results from the digester to the entire waste stream, average daily 

potential biogas production would be 39.76 m3 biogas/day (SD 9.44 m3 biogas/day).  Assuming a 

methane content of 65% (Oregon.gov 2007), the methane yield of the food waste would be 0.337 

L CH4/g VS, and the daily methane yield would be 25.8 m3 CH4/day (SD 6.14 m3 CH4/day).   

 This study demonstrates that, while not meeting the entire demand of the dining hall, 

converting food waste to biogas could provide significant supplemental energy to the dining hall.  

Uses of the biogas include pumping it into the existing natural gas lines to augment usage for 

cooking or combusting it in a generator to produce electricity.  Other options include combusting 

the biogas in an on-demand water heater to pre-heat water before it enters the existing water-

heating system.  This would help reduce the energy needed to heat water in the current system.  

Another option is gas-powered lanterns to be used as security lighting outside of the dining hall.  

A combination of these two options would be a good solution where biogas powers the water 

heater during the day when hot water is needed, and gas lanterns would burn the biogas at night.   



 Graunke 19 

 Sizing the digester is important to consider when implementing this project on a full 

scale.  Operating at a loading rate of 2g VS/L, the active volume for one day’s waste, using the 

average daily waste produced from the dining hall, would be approximately 40,000 liters or 40 

m3.  Using a 30 day HRT, a 40 m3 digester would require 1333 liters of waste per day.  The food 

waste alone has an approximate volume of 230 liters.  If flushed with 1110 liters of water, a 

40m3 digester would be appropriate.  It is likely, however, the food grinding system will require 

more water and therefore a larger digester will be needed.  Also 40 m3 is based on average daily 

food; the digester would need to be sized larger to accommodate larger volumes of waste. 

 Another option would be to establish a two-phase digestion system.  In two-phased 

digestion a separate acidogenic reactor is used where hydrolysis and acidogenesis can occur prior 

to entering the methanogic digester.  One advantage to a two-phased digester is a faster hydraulic 

retention time for the acidogenic phase because the acidogenic reactor can have a lower pH than 

methanogens can tolerate.  The efficiency of methanogenic phase is also improved.  Two-phased 

digestion can have a higher loading rate as well (Speece 1996). 

 This study is an ongoing project with the eventual goal of establishing a functioning 

biogas reactor on site at Broward Dining Hall (BDH).  Further studies will include running food 

waste through a biochemical methane potential (BMP) assay.  This will measure the total 

convertibility of the food waste to methane; it is the maximum amount of methane the waste 

could produce (Speece 1996).  The BMP assay will show how close the actual yield is to the 

theoretical yield and if adjustments need to be made to produce more biogas.  Another important 

test would be to experiment with different loading rates to find the optimum loading rate.  A low 

loading rate requires a digester that is larger than needed, but too high of a loading rate would 

result in acidification of the digester.  Tests with a two-phased system will also need to be 
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performed to determine to what extent the HRT is reduced and to find an appropriate volume for 

each phase of the digester.  Initial solubility observations show that a substantial portion of the 

food waste is readily soluble meaning a two-phased system may by practical for BDH.  

Analyzing the drink wastes, which were measured during the waste audit, would be important in 

assessing the total biogas potential of the facility.  Because soda, juice, coffee, and milk have a 

high concentration of soluble organic material, they are readily digestible.   

 A more comprehensive study would be to analyze the individual components of the food 

waste stream, such as tomatoes, bread, meats, bananas, etc.  Their composition of the full waste 

stream would be assessed by waste separation.  The biogas potential of each of the components 

could be measured.  It may be possible to devise a system with the dining hall management in 

which foods that do not produce much gas are not wasted as much as foods that have a higher 

biogas potential.  Substituting low biogas potential foods with high biogas food is another 

possible strategy.  For example, if rice produces more biogas than pasta, rice dishes would be 

served more frequently.  Several studies have found the methane potential of individual food 

waste components.  Lay et al. (1997) found the methane potential for meat, cabbage, carrot, rice, 

and potato as 0.424, 0.096, 0.269, 0.214, and 0.203 L CH4/g VS, respectively.  Sarada and Nand 

(1989) achieved 0.430 L CH4/g VS for tomato processing waste.  Bardiya et al. (1996) digested 

banana peel and pineapple wastes, which had a maximum biogas yield of 0.76 and 0.93 L 

biogas/ L active volume/day, respectively.  Kalia et al. (1992) found a methane yield of 0.156 L 

CH4/g VS for apple pomace.  All of these materials were found to some degree in the BDH food 

waste. 

 Limitations to this study include the length of time waste collection occurred at BDH.  

Ideally waste collection and measuring would occur over several weeks spaced throughout the 
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year to get a true representation of the waste stream.  Time and other constraints limited the 

length of the waste audit.  Another limitation is that the separation of food waste relied upon 

employees who are not in the routine of separating food waste.  When initiating a behavior 

change, there will always be an adjustment time before the new behavior becomes habit.  

Because of the short-time frame of the audit, waste separation was not perfected.  However, the 

effects of this were minimal because non-food waste in the food waste stream and food waste in 

the non-food waste stream were manually re-sorted and accounted for.  Also the length of time 

of digestion is a limitation.  Running the digester for several HRT periods would result in a more 

accurate biogas yield.  However, this was not possible in the time frame of the study.   

 There are many far-reaching benefits of building a biogas reactor at BDH.  Gator Dining 

Services (GDS), the University of Florida, and the community on a whole will benefit.  These 

benefits are outlined in Table 4.  GDS receives economic benefits from reduced solid waste 

disposal costs of PW, reduced wastewater costs of PS, and reduced energy costs.  This may 

prove to be an even more significant benefit in the future as natural gas prices have risen over the 

past few years and will likely continue to rise.  GDS will also benefit from a positive public 

image.  By implementing sustainable technology, the dining hall will also be aligning with the 

University’s goals.  The University of Florida has set the goal of being zero waste by 2015.  

Because GDS is a client of the University, it has a responsibility to help meet this goal.  As a 

subsidiary to Aramark Inc., a multi-national corporation, GDS has a connection to the many 

other campus dining services which Aramark manages.  By running a successful biogas reactor 

at the dining hall, it would help make the case for other Aramark dining halls (including the other 

dining hall at UF) to implement anaerobic treatment of their food wastes. 
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Table 4: Benefits of biogas implementation to Gator Dining Services, University of Florida, and 
the community  

Gator Dining Service 
·  Reduced landfilling costs 
·  Reduced sewage treatment costs 
·  Reduced energy costs 
·  Improved public image 
·  In-line with University's sustainability goals 
·  Pilot for biogas reactors at other dining halls 
 

University of Florida 
·  Help meet zero waste goals 
·  Reduced demand on sewage treatment plant 
·  Reduced hauling costs of biosolids 
·  Improved public image 
·  Meet sustainability goals 
 

Community 
·  Benefits from spread of biogas technology 
·  Reduced carbon emissions 
·  Reduced negative consequences of current disposal system 
·  Effluent as an organic fertilizer 
 

 
 

 The University of Florida will also benefit from undertaking this project.  In order to 

meet its goal of zero waste by 2015, the University will have to find a sustainable alternative to 

the food waste disposal at its dining halls.  Because the dining hall sends half of its food waste to 

the on-campus aerobic sewage treatment plant, there is an unnecessary burden on the plant.  

Aerobic treatment is a costly, energy intensive process.  By diverting the food waste to a biogas 

reactor, a waste stream to the treatment plant will be removed.  This will reduce the costs 

associated with hauling the biosolids from the treatment plant.  The University will also receive 

an improved public image of being a leader in sustainability. 
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 The general public will benefit from reductions in carbon emissions.  If biogas 

technology were to spread throughout the food service industry, it would make a significant 

stride towards a sustainable economy.  Gardeners and farmers would benefit from receiving the 

effluent as an organic fertilizer.    

 Implementing a biogas reactor at BDH will both enable sustainable disposal of the food 

waste and produce a renewable, carbon-neutral fuel.  The system will be converted from an 

open-loop system (Figure 13) to a closed-loop system (Figure 14).  This will keep the energy and 

nutrients within the systems and require less external sources for energy and sinks for waste.   

 
Figure 13: Current open-loop system of food waste disposal and natural gas use at Broward 
Dining Hall 
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Figure 14: Proposed closed-loop system of waste disposal by anaerobic digestion at Broward     
Dining Hall 
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