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Introduce yourself

As we look towards finding energy from different sources, we also need to look for areas where we maybe able to take a waste product and convert it into an energy source.  One project we are working on at the University of Georgia is using waste fruit and vegetables for the feedstock to anaerobic digestion for the production of methane – a source of renewable or bio energy. 
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Why Vegetable Waste?

e Georgia alone produces over 860 million pounds
of fruits and vegetables annually.

 Some farmers or companies even bring in
vegetables from other states and countries in the
“off-season” for Georgia to repack here, and

e Some estimates are that 5-8% of harvested fruit
and vegetables are discarded at the packing
plant due to various reasons

Alternative Energy at The University of Georgia
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So as most focus seems to be directed at the production of ethanol from corn and cellulose, why then are we looking at the anaerobic digestion of vegetable waste?  One reason is that there is over 860 million pounds of fruits and vegetables produced annually in Georgia.  Additionally, some farmers purchase fruits and vegetables from other countries and states for the purpose of repacking the product for sale.  This original growing the crop or repacking the crop results in an estimated 5-8 percent of the total being wasted.  That means that somewhere between 43 and 69 million pounds of waste is produced at the packing houses alone.  This total does not include the material that is left in the fields.  For example, one watermelon field we sampled had right at 100,000 pounds of watermelons remaining in the field after the final harvest.  So, using this renewable resource is something that may provide a couple of different benefits.





Waste Disposal

* A necessary part of harvestingand
repacking onions or other vegetables and
fruits
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As the fruit and vegetables are packed in the packing houses there is always some that are bad due to rotten spots, blemishes or are discarded for multiple reasons.  These wasted or culled products then becomes a waste that has to handled by the packing house.  These are a few different potentials for disposing of this waste, one way is to reapply to the local fields from wince the produce originated.  This is good in that it can provide some nutrients, can build some organic matter in the topsoil.  However, this can also lead to regrowth of the culls if not properly destroyed or it can encourage disease or pest problems.  A second option is to dispose of the culls in a landfill.  This option costs to transport the materials to a landfill, cost to dispose of the materials, will consume landfill space and will undergo an anaerobic process to produce a leachate and methane naturally.  A third option is that the materials could be piled somewhere on the farm or packing property, which more than likely will be in an area that is close to a creek; thereby, potentially causing a water quality problem as the waste naturally goes through a degradation process.  


Problems of this waste
materials

 The degraded waste Is:
— Typically in liquid form
— High strength (as measured by COD)
— A potential water quality problem
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The waste as it decays or degrades typically will be in a liquid form, which could easily run into a ditch or creek or infiltrate into the ground.  The material has a high Chemical Oxygen demand comparable to animal waste and has the potential of causing a water quality problem.


Solution?

« Manage waste not as a waste product, but
the feedstock In a process that can
produce total needed or partial energy
needed for packing facility

» Effluent water and sludge can be used as
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So what is a solution to the potential problem?  One thing would be to manage the waste not as a waste, but as the feedstock to a bio-conversion process.  In this case we ae using anaerobic digestion to perform the conversion of the sugars to energy.

Additionally, the waste water coming from the process and the associated sludge does not use or degrade the nutrients in the incoming waste so the byproducts are loaded with nitrogen and other nutrients that can be used as a soil amendment or compost additive.


Biogas Cycle |3
=\_/ | Solar energy
frlt\

Animal husbandry 1 Photosynthesis

Biofuel production

Crop harvesting

Industrial processing CO,

Human consumption

Energy
crops Electrical and/or

thermal energy

1 - P A YN
i g RN L
I =g b rana mET

Organic

— : ¢ | Natural gas
wastes Anaerobic Biogas —— | pipeline
_ digestion _
UNIVERSITY of (=N
UF FLORIDA )
[FAS =7




Objectives

 The objectives are:

— Measure chemical and physical parameters of
Fruit and Vegetable Waste (FVW)

— Operate anaerobic digesters on FVW to
determine bio-gas production

— Determine optimum feed rate and solids
content for FVW
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So the objectives of our project are:
	Measure the chemical and physical parameters of Fruit and Vegetable waste.  This will include moisture content, dry matter, volatile solids content, pH and Chemical Oxygen Demand.

	We will operate a dual anaerobic digester to produce bio-gas from various fruit and vegetable sources.  This will include amount of gas per kilogram of material, bio-gas content and bio-gas produced at different feeding rates.

	We will look at optimum feeding rates for a given vegetable and mixtures of fruits and vegetables.  

	We will also look at co-digesting with chicken litter to add nutrients for better operation and bio-gas production.


Objectives

 The objectives are:

— Co-digest with animal waste to determine the
above objectives

— Build a pilot or full scale digester for use In
producing methane gas
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So the objectives of our project are:
	Measure the chemical and physical parameters of Fruit and Vegetable waste.  This will include moisture content, dry matter, volatile solids content, pH and Chemical Oxygen Demand.

	We will operate a dual anaerobic digester to produce bio-gas from various fruit and vegetable sources.  This will include amount of gas per kilogram of material, bio-gas content and bio-gas produced at different feeding rates.

	We will look at optimum feeding rates for a given vegetable and mixtures of fruits and vegetables.  

	We will also look at co-digesting with chicken litter to add nutrients for better operation and bio-gas production.


Measuring Chemical and Physical
Parameters

* The fruits and vegetable waste are
analyzed for:
— Moisture Content
— Volatile Solids
— Chemical Oxygen Demand (COD)
— Brix (suspended solids content)
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These are the parameters that we are analyzing:
	Moisture Content
	Volatile Solids
	COD
	Brix – a measure of the soluble solids in a liquid sample containing sugars 


(bell pepper)

Moisture
Content
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To get started and to get the values needed the following procedures are performed:
	first we sample the fruit and vegetable waste
	[click slide]
	second we cut the fruit and vegetable (bell pepper here) to get a manageable sample
	[click]
	we then grind the sample to reduce the size for better processing
	[click]
	we further blend some of the sample to get it in a better condition to get juice
	[click]
	we then squeeze the juice from the pulp so that we can run COD test on the liquid
	[click]
	from the ground material we take samples, weight then wet and put them in a 105 deg C oven to dry the samples
	[click]
	Once dried, the samples are weighted again to get dry weight and then they are burned
	[click]
	the furnace is set at 550 deg C to ash the material put in the furnace. We then find the weight of the ash in order to calculate the volatile solids content in the sample.

The COD and Volatile solids values helps us determine the amount of material that can be feed to the digester.  
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Chemical Characteristics
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We also measure the chemical parameters where possible for these fruits and vegetables.  One of the main chemical test, as shown here, is the Chemical Oxygen Demand of the different fruits and vegetables.  COD is an indication of how strong the waste material is.  Or another way of saying this is that COD tells us how much potential energy is in the waste stream.  Typically there is chemically and stoichiometricly  0.35  liters of methane produced per kilogram of COD reduced (at standard temp and pressure).  Therefore, from knowing the COD of the waste we can predict the amount of methane that will be produced.  This also allows us to start designing the digesters for volume.

From this graph you can see that onion has the most COD and Tomato has the list, so we should be able to get more energy from onions than tomatoes.  Again, this is not a problem, just more information for designing the complete treatment system. 
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Digester Operation

 The digesters are:
— Anaerobic Filters
— Each system is 90 L empty

— Insulated and heated to approximately 35
degree C

— Feeding, heating and biogas production
amount controlled and monitored b
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Currently we are using a two stage system to help in the two major parts of the organic breakdown process – acid formation and methane formation.  

We are using a two-stage system with the first stage being a Completely Stirred Tank Reactor (CSTR) and the second is an anaerobic filter (AF).  The CSTR is an empty vessel that contains the bacterial and waste material and is stirred to keep the bacterial in contact with the waste. 

[Click]
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Anaerobic Digestion
at
The University of Georgia

Bialogical and Agricultural
Engineering Dapartment
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Anaerobic digesters being used for Fruit and Vegetable Waste

45 Liters Void Volume
35 degrees C
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Magnetic Contactor

Tipping bucket
used for measuring
gas production



Current Operation

e Onion culls (juice fraction only) have been
feed Into anaerobic digesters since late
November 2008

* Feed rates are 500 mL every 8 hours

e Temperature is controlled and gas Is bein
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Currently, we have the two stage system working and we are trying to work out some of the bugs – not the micro bugs, but the operational bugs.

We have feed the digester a diet of bell peppers, onions and watermelon to date and plans are to start mixing the waste streams after mono-waste stream data has been collected.

We have has some problems with the digester feed pumps and dataloggers, but those are being solved.


Feeding lines

3 AM

COD In-~9¢g/L
CODOut-~1g/L

HRT ~ 45 days
OLR ~ 0.2 g/L/day
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Digester 4 - 45 Liter Reactor

Increased feed to 1 liter per day
14 Jan 2009

Increased feed to 1.5 liter per dayI
1 March 2009




Summary

* Anaerobic digestion of fruit and vegetable
waste can:

— Reduce a potential source of water pollution
— Provide a source of total or partial energy
— Provide a soil amendment

 Work is continuing on determining
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So in summary:

Anaerobic digestion is one way of solving a waste problem, reducing a potential pollution source, providing energy and producing a good soil amendement all from a renewable crop – fruit and vegetables.

Work is continuing on finding optimum feed rates for the digesters and determining methane yields and other system parameters and values.
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with Bio-Energy research
and looking for sources of
“‘Green Energy” we may
want to look at “Green”
Peppers or the Georgia
State Vegetable for future
energy
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Questions?

Gary L. Hawkins, Ph.D.
University of Georgia
Biological and Agricultural Engineering

229-386-3914
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Thank you and if you have questions I will answer them or you can call Gary Hawkins at this phone number or e-mail address.

Thanks.

mailto:ghawkins@uga.edu�
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