Management of Crude Glycerin from the Production of Biodiesel

For NPDES Programs

INTRODUCTION

The rapid growth of the Biodiesel Industry has also created rapid growth in the production of Crude Glycerin (CG), a co-product of the biodiesel production process.  CG-based value added products are under development, but until these technologies come online at industrial scale, CG will be sold at a discount to glycerin refiners or disposed of.  This paper is a preliminary technical guidance for NPDES managers during this interim period as the industry develops.

Biodiesel is created by mixing ten parts of oil or fat (vegetable or animal) with one part of methanol (with a catalyst and heat), to produce ten parts of biodiesel and one part of CG.  The quality of the CG is dependent upon the process that the biodiesel company uses to handle their glycerin.  Companies that remove and reuse the excess methanol used during the production of biodiesel will generate glycerin with these characteristics:

In more detail, CG contains:

· 85-88% Glycerin

· ~10% water

· ~4% salt

· Methanol at up to 1500 ppm (depending on methanol recovery)

· Fatty acids and soap (depending on purity of feedstock)

· Catalyst

· Trace Metals

· Carry over feedstock

· Lost biodiesel product

· High ionic concentration due to catalyst and acid/base neutralization.

· High BOD

· High Fuel Value (Pure Glycerin = 19,000 BTU/#, CG = 7,000 BTU/# net fuel value).

Here are links for more detailed information on pure glycerin:

http://www.inchem.org/documents/sids/sids/56815.pdf
http://standardceramic.com/MSDS%20MATERIALS/Glycerine.pdf
There are many possible technologies available for the use or disposal of CG.  The following sections contain information that could involve NPDES authorities.  

LAND BASED DISPOSAL

Landfill

Landfilling is covered by the Solid Waste regulations of the state, but landfills are required to have stormwater permits.  Here is a regulatory description of CG, based on the solid waste regulations:

· CG is a highly viscous liquid at room temperature and solidifies at cooler temperatures.  Even though it is a liquid, CG meets the definition of a solid waste as cited in 40 CFR Part 257.

· With methanol recovery, CG is not a hazardous waste based on flashpoint of 140ºF.  The flashpoint of pure glycerin is 160 ºF, but the methanol component of the CG has a much lower flashpoint.  We don’t believe the mixture, which contains a significant water component, will have a flashpoint lower than 140ºF.  If methanol is not recovered, the producer must make a hazardous waste determination. 
· Disposal of diatomaceous earth filter media in landfills has resulted in a number of fires caused by spontaneous combustion.  The high surface area of the diatomaceous earth and the oil sets up a rapid decomposition that creates heat.  This is similar to the hazard of spontaneous combustion in oily rags.
· Some landfills are refusing the waste due to the concern of spontaneous combustion.

While, CG might not pass the paint filter test, it can be bulked with other materials and disposed in a landfill.  We are aware of one small facility where CG is mixed with dewatered municipal sewage sludge and landfilled.
Composting

Hobbyist biodiesel producers have successfully added CG to a mixed compost (both traditional composting and vermi-culture with worms), and it is generally agreed that this process could be scaled up to work with industrial or municipal scale composting operations.

CG cannot be composted alone since it is purely a carbon source.  CG requires a source of nitrogen and other nutrients.  Also, the compost mixture must also be bulked properly to allow adequate oxygenation.  For this reason, CG is best suited to co-compost with other materials such as biosolids, brown and green waste, and bulked manures.  

The high BOD/energy content of the CG would require more vigorous management of the compost to assure that the pile remains aerobic. In addition, there is more risk of a high BOD leachate from the pile which should be addressed in the stormwater permit for the co-composting operation.

Here is a list of specialized operational measures that should be considered.

· A concentrated BOD source could really heat up a pile.  More active management (turning the pile, forced air in static windrow) might be required.
· Efficient mixing of glycerin with the pile might be difficult from a physical standpoint.  This has already been seen when mixing CG into animal feed.
· Glycerin is a gel at room temperature, but a greasy liquid at compost temperature.  More pile bulking might be needed to keep the compost from choking out air.  Anaerobic conditions will cause odor problems.

· Winter handling could be tricky due to high viscosity of cold CG.
· Need some onsite CG storage and the ability to meter addition to pile.

· Scarab or other efficient compost mixing would be far superior.

· CG is basic, but has very little buffering capacity, so overall alkaline content should not be high enough bring pile pH out of the composting range.
There has been no full size scale-up of CG compost.  An operation of this type would require a site specific project to work out the operational details. Some states regulate the land application of compost products although federal rules do not.   A co-compost with biosolids would be covered by the 40 CFR Part 503 Regulation. 

Land Application

We have been unable to locate any significant research on the land application of CG.  Anecdotal stories suggest that direct application of CG can “burn” the plant cover.  We are not sure if this is due to the high salt content of the CG, or if the CG smothers the plant by physically hindering transpiration.  Un-recovered methanol could also be a factor.

The high BOD of CG creates a high probability for impacts if there is any runoff into nearby streams.  We are aware of a situation where land application over a field drain allowed runoff causing a fish kill.  In another incident, there was outright dumping into a stream that resulted in fish kill (100,000 fish and a taking of endangered species).

CG does not have any fertilizer value, and will tie up soil nitrogen as it decomposes.  For this reason there has been little interest in studying land application.  Guidance for the disposal of grease trap wastes suggests incorporation and loading rates of about 4 tons per acre as appropriate to avoid choking of soils.  Essentially, for land application to be benign, loading rates must be low, and runoff control is absolutely essential.   Given the other management options, land application is the least desirable alternative:  it has no beneficial aspect and is risky environmentally.  

WATER BASED DISPOSAL

Treatment at a Publicly Owned Treatment Works (POTW)

CG has a very high BOD and can easily cause organic shock in the biological process of a POTW.  The normal BOD at the headworks of a POTW is 200 mg/L.   Washwater from the biodiesel process containing small amounts of CG can have a BOD of 10,000 – 15,000 mg/L.  Pure glycerin has a BOD of nearly 1,000,000 mg/L! 
We have already seen several cases of plant upsets due to these shock loadings.  Unfortunately, these have been due to slug loadings to small plants.  One such event resulted in a fish kill due to interference and pass through.  

In addition, biodiesel is often produced in a batch process.  Batch process wastes tend to be disharged to the collection system in a batch, so this increases the potential for organic shock of biological processes.

The strength of process wastewater from biodiesel plants is highly variable. Plants with washwater recycle, or processes without washwater, can have moderate BOD levels.  As stated above, washwater has very high BOD levels and CG is remarkably high in BOD. Larger well-designed plants use water more sparingly, while smaller producers and hobbyists use more water.  Larger facilities are segregating glycerin as a side product and have efficient methanol recovery, while smaller plants are more likely to dispose of CG, excess methanol, and washwater as a single waste stream. Essentially the strength of the wastewater is based on glycerin and methanol content. 
A note on methanol:  methanol is used in slight excess in the biodiesel process to drive the reaction to completion.  Most of the methanol leaves the process in the CG by-product and a some is captured in the washwater.  Larger processors heat the CG and recover the methanol through distillation.  (There are examples of homebrew operations with methanol recovery – see youtube.com – but these are rare.)  CG without methanol recovery could have a flash point approaching 140ºF, so a hazardous waste determination should be made for those wastes.  Recently there was an explosion at a biodiesel facility when methanol was inadvertently vented in a building and touched off by a garage door opener.  
Properly equalized, and loaded to a large enough plant, with enough organic capacity, CG and washwater are easily treatable wastes.  It could be said that glycerin is biodegradable to a fault.
For large urban facilities, biodiesel wastewater could be beneficial in several ways.  CG is a concentrated source of Carbonaceous BOD (CBOD) and, if organic capacity exists, could be a concentrated revenue source, based on user rates for pounds of BOD.

While CG is such a concentrated form of CBOD, it is a nitrogen deficient waste. In this sense, CG could serve some POTWs by tying up nitrogen into wasted sludge/biosolids.  While the land application or other disposal of the sludge imposes an additional cost to the POTW, the user fee for BOD could offset the additional cost.

Here is a list of key considerations for POTWs accepting CG and washwater:

· Make a careful assessment of the waste.
· Assess Organic Capacity to accept additional BOD.
· Assess Aeration Capacity to accept the additional BOD load

· Avoid Shocks – Equalize and meter CG addition to the POTW

· Collect User Fees.  Fair costing is important to recover costs to the POTW and encourage the development of value added products.

· Create local limits that enforce BOD loading caps and forbid slug loading.

With most high strength wastes, we would consider pretreatment through anaerobic digestion at the production facility prior to discharge to the POTW.  This might not be altogether practical for the biodiesel industry, because the waste is nitrogen and nutrient deficient.  To foster anaerobic digestion, you would need to add nitrogen and nutrients (more pollutants) to gain treatment at the facility site.  
Because CG wastestreams from Biodiesel manufacturing have a high organic load, a discharge to a POTW would most likely make the facility a Significant Industrial User (SIU) under the General Pretreatment Regulations, 40 CFR Part 403.  Under these regulations, any industrial user that discharges 25,000 gallons per day of process wastewater, contributes 5% or more of the POTWs dry weather organic or hydraulic capacity, or is designated by the POTW to have a reasonable potential to adversely affect the POTWs operation, is considered a SIU.  It would not be unusual for a Biodiesel manufacturer to meet all three of these tests.

Consequently, all Biodiesel manufacturers must contact the city to which they intend to discharge and determine if the city has an approved Pretreatment program for regulating industrial discharges.  If the city is a Pretreatment city, the Biodiesel facility must apply for a discharge permit, and provide information on the volume and strength of the intended discharge.  If the city does not have adequate hydraulic or organic treatment capacity, the permit issued by the city will contain discharge limits that are not to be exceeded.  In this instance, the Biodiesel manufacturer would be required to install a treatment system to treat its wastewater before it could be discharged to the city.  Disposal of concentrated CG waste to the sanitary sewer may be prohibited, not only because of its shock load affect on treatment, but also because glycerin can solidify and clog pipes.
Many Biodiesel facilities may discharge to smaller POTWs that have not been required to develop and implement a Pretreatment program.  For these smaller POTWs, the industry must not only contact the city but also the state to determine if a state-issued permit will be required. 

Note: the discussion above is about process wastewater.  Biodiesel facilities have water discharges based on stormwater, pre-treatment of process water (reverse osmosis and softening), cooling water, and boiler blowdown.   These are familiar waste streams for permit writers, so they are not discussed in this paper.  Some biodiesel producers are unaware that they need to get permits for these discharges. 
Anaerobic Digestion

Direct anaerobic digestion with nitrogen rich wastes is probably the best means for water-based treatment.   Why pump expensive air into aerobic treatment process, when you can pump burnable methane bio-gas out of an anaerobic process?   European biodiesel producers are selling CG to offsite bio-gas facilities for 100 Euros per ton. Many facilities have digesters onsite and use the methane fuel to heat the biodiesel process.  

As with composting, CG is best broken down with a mixed waste in the anaerobic process. It should be seen as a fairly pure carbon feed for the anaerobic process.  Due to this “purity”, a complex source of nitrogen and micronutrients is necessary to assure a healthy, rich bacterial culture.  Mixed cultures are much more dependable for process rigor and design.   Alternate sources of co-digestion wastes could be various nitrogen rich organic wastes such as meat packing waste, egg cracking waste, manures, or biosolids.  

In terms of a fuel use of CG, anaerobic digestion is probably the best environmental alternative, producing clean burning methane gas and capturing nitrogen waste into a sludge that can be land applied as an organically based fertilizer.

The anaerobic digestion process should be protected from organic shock.  The biological process will need acclimation, and inputs should be equalized and metered.  Two stage thermophylic/mesophylic digesters have shown better resistance to organic shock and may be better suited to the demands of CG digestion. 

From a practical standpoint, POTWs can treat CG like a form of concentrated septage.  The POTW could store the CG in tankage on the site of the POTW and meter it into the digesters directly.  The POTW can charge the IU for treatment based on the pounds of BOD treated. 


Wastestreams from Biodiesel manufacturing that are introduced into the solids-handling processes of a POTW without going through the plant headworks are also subject to the General Pretreatment Regulations.  No discharge may contribute to or cause a POTW to violate an NPDES permit requirement, whether it is a discharge standard or a sludge disposal requirement.  Because CG wastes when co-digested with domestic sewage generally results in increased methane production, some cities may be eager to take the wastes in order to capture the energy content.  However, if the digesters are unable to keep up with treatment of the organic sludge coming from wastewater treatment, and the city experiences TSS violations of its NPDES permit, the Biodiesel discharge would be considered as contributing to the pass through and/or interference. 

Direct Discharges

While this write up discusses the management of CG, biodiesel plants may also have discharges of Wash water, Reverse Osmosis Reject Water, or Cooling Water.  These discharges will also require NPDES permits or pretreatment permits.  The key concern with those waste streams is salt content and could be a water quality concern when discharges go to small streams with low dilution capacity.  

It is highly unlikely that any facility would build onsite treatment facilities to break down CG and allow direct discharge of the waste.   Onsite treatment would be quite costly and economics alone would force more beneficial uses of the product or alternate means of disposal.

NEXT STEPS

Not all facilities are disposing of CG.  Many on the newer and larger facilities are building onsite refineries to create a purified glycerin product or ship CG to offsite refiners.  One new facility going online in Region 7 is using a new process that creates a very pure glycerin as a direct product and does not have discharges of catalyst or “salty” washwater.  It is likely that newer generations of production facilities will move toward better recovery of methanol, fatty acids, and catalyst compounds.  

While the market for refined glycerin is glutted with an excess supply, there are many known uses for glycerin feedstock. As prices for glycerin go down, many of these known products will show a better profit margin and demand for glycerin will increase.  

Most larger facilities are segregating CG for refining into usable feedstock for other products.  Refining can range from minimal processing up to creation of a food grade product.  

Nationally, there is a lot of research on the creation of new value added products (ethanol, propylene glycol, etc.) using glycerin as a feedstock.  Most of these projects are in university labs, but a few are up to pilot scale.  These new technologies will go online at full scale within the next few years, and are an important part of the profit stream for the industry.  We can’t know which processes will dominate the industry, but many of the products are biologically based using engineered organisms to create the desired product.  With this in mind, the new waste streams may be organic rich nutrient broths that are used to support the bacterial colonies making the products.  These are more familiar waste streams, but will also require proper management.   Products created through physical/chemical processes might pose new questions in waste management.  

If you have questions, or more information on these subjects, please contact John Dunn, 913-551-7594, dunn.john@epa.gov.

