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Abstract


The research for this paper was collected by Michael Wolford; a student in the Environmental Management Master’s program at Webster University located at Fort Leonard Wood, Missouri.  It is the premise of this research that Changing World Technologies’ (CWT) thermal conversion process can be used to significantly reduce or eliminate organic waste and produce oil in amounts that can alleviate the United States’ dependency on foreign oil.  

The population increase in the United States will continue to prove problematic with regards to oil consumption and waste disposal.  Over seven billion tons of organic waste is produced every year and could be used to make oil using the thermal conversion process.  The process converts organic material to an equivalent of #4 diesel fuel.  A commercial production facility has been built in Carthage, Missouri and processes 200 tons of turkey offal a day with a conversion rate of approximately 2.5 barrels of oil per ton of waste.  This process also turns the bone from these carcasses into a paste and separates it from the oil; this fuel is sold as heating oil for boilers and the bone paste is sold as a high grade fertilizer.  Tests were conducted on various forms of plastics (also called shredder residue) from the automotive industry and proved this feedstock would also be an excellent source for the thermal conversion process.


Producing a renewable and clean fuel from waste will have a positive affect on the environment.  The air emissions of thermal conversion fuel is comparable to those fuels refined from crude oil; although there are emissions from processing, emission of concern at the Carthage facility is odor and CWT has fixed that problem by covering offal that is waiting for processing.  The products produced at the Carthage facility are oil, fertilizer, and excess water; the water is released into the local sewer system.  Processing shedder residue produce hazardous materials, but these materials can be recycled and other hazardous compounds were neutralized in the thermal conversion process.  The production of oil at the Carthage facility kills pathogens and prevents the growth of bacteria during the process and storage of the oil which makes this a viable option for medical waste disposal as well.  The oil from the thermal conversion process can also be accepted by the oil refining industry for further processing into other fuels, making this a valuable source of renewable fuel.


A waste manager should consider this technology as a valuable component of their waste management system as it can divert millions of tons of waste from landfills and convert it to renewable fuel.  This process also has military applications by converting military waste to useable fuels and to promote positive relations between military and local nationals during deployments situations by reducing waste buildup.  If the military uses the products of this process, they will be more self-sufficient and reduce their requirements for supplies.


More studies will be required to determine the products produced from various wastes that have not been introduced to this process.  If hazardous materials are produced from this process, waste managers will need a plan to recycle or dispose of these products.  More feasibility studies should be conducted for converting hazardous waste to a usable fuel rather than disposal or long term storage.

Situational Analysis


The United States produced 245.7 million tons of municipal solid waste in 2005 and 133.3 million tons was sent to landfills (EPA, 2005).  The US population reached 300 million in 2006 and will continue to increase waste generation, so where to do we put the trash?  Many municipalities have used recycling, reuse, and other reduction processes to decrease the amount of waste going to landfills.  Some of these processes have relieved the problem, but other technologies should be investigated to reduce or possibly eliminate the need for landfills.


The United States consumed 20.03 million barrels of oil per day in 2003 importing over 13 million barrels per day (CIA, 2006).  Changing World Technologies claims that they can produce one to three barrels of fuel oil for every ton of municipal waste (Appel, 2006) which could yield between 107 million barrels and 321 million barrels of oil a year.  Add to this waste stream the waste sludge from waste water treatment facilities, animal waste from slaughter houses, over six billion tons of agricultural waste, and the numbers can significantly increase.  The amount we could produce from waste would fall short of the oil consumption rate in the US by four million barrels per day, but would exceed the import rate by over three million barrels per day alleviating the dependency on foreign oil; it would also eliminate a nuisance – waste.  


There are other factors that should be considered when using this thermal conversion technology: what by-products will result in the process and will their disposal be problematic?  Animal waste sent through this process produces a product that can be useful to the agricultural community and other by-products that are released into existing waste water facilities, treated, and released back into the environment without significant environmental impacts.  It is possible that sludge from these facilities can be sent back through the thermal conversion process and produce more oil.


This would not be the single answer to waste management, but should be integrated into existing waste management plans.  Municipalities currently sell recycled materials and recycling markets are growing as newer technologies are introduced that use recycled material.  Municipalities can also use the waste-to-fuel concept and sell the oil for heating fuel or sell it to refineries for processing into other fuels.  Should a usable by-product be produced from this process, it can be sold as well.  The cost of building facilities should pay for itself in a few years.


Use of this technology by the military would greatly reduce the waste issues they have when they deploy to operations overseas.  Many of the countries are devastated by war and adding disposal of our trash to their agenda is an additional burden the country should not have to manage.  Production of oil on base camps as well as eliminating waste would help to sustain our forces during an operation as well as shrink their logistical requirements.  Economic aid could be provided to the country by providing the fuel and any useful by-products at no cost to the local nationals.  This could foster mutual friendship between the host nation and the US government contributing to the success of the overall operation

.

Premise


Waste disposal problems in the United States will continue to escalate with the growth of our population and the United States will continue to see a dependency on foreign oil because of our dwindling supplies.  Changing World Technology has developed a thermal conversion process that can transform waste to fuel.  This technology would be a feasible alternative to sending municipal waste, bio-waste, and other wastes to a landfill as well as offer a source of fuel to aid in relieving our dependency on foreign oil.  The technology is available for a partial resolution to waste management problems by adding the technology to existing waste management systems.

Study Limitations


CWT’s thermal conversion process is not new science, but a new process with limited available research data.  Some of the material that was reviewed or requested from the testing source was proprietary and could not be used for this research.  Research still needs to be conducted on various forms of waste to determine the amount of oil that will be produced and the types of other products that will result from the process.  

Work Plan


Research for this paper was conducted through a combination of interviews with the primary researchers and documents found on websites.  The primary researcher was the engineers at CWT, Ford, Daimler/Chrysler, and General Motors; the secondary research was collected from the Environmental Protection Agency, CWT documents, and the Missouri Department of Natural Resources.


The paper was structured first with data from waste disposal procedures and figures, oil consumption, oil production procedures, and then with the CWT and automotive industry facts from their primary research.

Waste in the United States


There are several environmental and economic issues that should be considered when developing a solid waste management plan.  When waste managers consider the viability of using the thermal conversion process, it is important to consider the content of the municipal waste in their area.  It is reasonable to assume that municipal solid waste is fairly consistent from community to community with a few exceptions for areas that are home to certain industries such as steel, paper, etc; therefore, the Environmental Protection Agency’s (EPA) publication, “Municipal Solid Waste in the United States” is an excellent guide in determining the feasibility of using the thermal conversion process.  

Municipal solid waste (MSW) generation has been increasing since 1960 at a steady rate (see Figure 1).  Of the 245.7 million tons of MSW in the United States in 2005, over 133 million tons was taken to landfills.  Although there is a slight increase in MSW in 2005, there has been a decrease in the number of existing landfills and the amount of MSW landfilled has decreased since 1990 due to changes in generation, recycling programs, and combustion to energy systems.  It is important to remember that the thermal conversion process is not a cure-all for the environment and waste management, but an excellent addition to a waste management plan that includes recycling, reduction, and combustion to energy systems.  
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Figure 1. MSW Generation Rates, 1960-2005 (EPA, 2005)

Not included in the MSW generation figures are construction and demolition debris, biosolids (sewage sludge), industrial process wastes, agricultural wastes and several other wastes that in some cases still go to the MSW landfills.  A report from Changing World Technologies indicated that if MSW, agricultural waste, industrial waste, utility waste and animal offal waste were combined there was over seven billion tons of organic waste generated in 1996. (Appel, 2006)

Environmental Issues Associated with Waste Disposal


Although the number of landfills has decreased since the 1990s, the capacity of new landfills has increased.  Several environmental issues should be considered when building a landfill that will have lasting impacts on communities and their environment.  Leaking wastes from a landfill into drinking water sources is always a possibility and landfills are notorious for odor problems, rodents and vectors which can spread disease.  Although wastes that enter a MSW landfill are not considered hazardous waste, consider the hazardous materials that are thrown away from private homes.  The Resource Conservation and Recovery Act strictly regulates businesses and government, but does very little to regulate individual households.  The individual may not discard a significant amount of hazardous waste, but collectively the community can discard thousands of tons of hazardous waste per year in MSW landfills.  Landfills cost a great deal of money to build, operate, and monitor so finding an alternative to land filling waste would not only help the environment, but could prove to be a more economical choice. (EPA, 2006)


The EPA recognizes four components to waste management; source reduction, recycling, combustion with energy recovery, and disposal through landfill or combustion without energy recovery (EPA, 2006).  Recycling has increased more than 600% since 1960 and accounts for 32.1% of the recovered material from MSW landfills in 2005 (EPA, 2006); this is equivalent to 78.9 million tons of waste.  Source reduction means that the waste never enters the waste stream and there are several methods to accomplish this:

· Designing packaging products that reduce the quantity or the toxicity  of the materials used or make them easy to reuse

· Reusing products or packaging; for example, same refillable bottles, pallets, and reconditioned barrels and drums.

· Extend the life of products; for example, make better tires so fewer are needed.

· Create better packaging that reduces the amount of damage or spoilage to the product.

· Use onsite composting to manage organic wastes.(EPA, 2006)

There are several systems that are capable of combustion with energy recovery.  Waste managers may burn the waste to heat water and create electricity and others are simply burning waste for heat.  While these components to waste management techniques are effective, there are still millions of tons of waste to be landfilled.  

Another waste management technique, thermal conversion, can convert most organic waste to oil to be sold as heating oil or further refined for other fuels.  The United States consumes more that 20 million barrels of oil per day.  Over 13 million barrels per day is imported and the United States only produces just over seven million barrels per day.(CIA, 2006)  The thermal conversion process may completely eliminate the US dependence on foreign oil.  Table 1 lists the estimates of CWT’s engineers:

Table 1. Oil Production with Thermal Conversion (Appel, 2006)

Waste Stream
Million Tons

(per year)
Oil Production

(Million Barrels/year)

Agricultural
6,000
4,000

Industrial
768
1,300

Municipal
107
192.6

Utility
140
476

Poultry Offal
3.7
7.6

Cattle Offal
6.6
15.8

Hog Offal
2.9
7.1

Total/Year
7,028.2
5,992.26

Total/Day
19.24
16.41

If the CWT engineers are correct, the total daily production of oil from waste would exceed the amount of imported oil and almost meets the consumption rate.  The United States uses the animal offal to make feed for other animals; the numbers in Table 1 do not consider this factor.  MSW amounts are derived from the EPA’s estimate of 133.3 million tons of waste sent to the landfill minus 26.3 million tons that were metals, glass, and unidentified inorganic material. (EPA, 2006)

It is important to remember that data from Table 1 and the EPA does not include waste water treatment sludge (biosolids) in the MSW or agricultural figures.(EPA, 2006)  Biosolids are generally used for beneficial uses such as land application which could include composting to be used as a soil amendment.  However, some biosolids are sent to the landfill or incinerated with and without energy recovery.  If the energy is recovered it is used for the incineration process. Figure 2 is an accurate representation of biosolid uses and disposal methods for the United States in 1998. (EPA, 1999)  With the population increase over the past eight years, theses numbers have surely increased.  

Biosolids should not be diverted from their useful purposes, but the disposal amounts, to include incineration should be diverted to the thermal conversion process.  Many of the biosolids are treated before disposal to eliminate pathogens (EPA, 1999), but this would not be necessary with the thermal conversion process because the high operating temperatures destroy the pathogens.(Appel, 2007)  With the disposal amounts of .8 million dry tons of advanced treatment, 1.5 million dry tons of incineration, .1 million dry tons for other disposal, and 1.2 million dry tons of surface deposit/landfill, it is possible to obtain a similar ratio of oil to feedstock as that of agricultural waste which could yield an additional 5.4 million barrels per year and eliminate 3.6 million tons of waste from the waste stream.
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Figure 2. Estimates of Biosolids Use and Disposal (EPA, 1999)

If animal offal, MSW, and biosolids were not included in the feed stock for thermal conversion, the US would still exceed the current import amount for oil.  Thermal conversion sounds like a good idea, but how do we get oil from trash?  In order to understand how we get oil from trash, we need to review how fuels are made.

Oil Refining

We get our fuels and many other products from crude oil.  Crude oil is a combination of hundreds of different types of hydrocarbon chains that are useless unless you separate them.  The refining process is fairly simple and hydrocarbons can be separated by heating the crude.  Each type of hydrocarbon has a specific boiling point so the crude is heated and the carbon chains are distilled into separate useful products.  The length of these chains will define the type of product that is made; see Table 2 for the types of products and the associated carbon chain length.  The thermal conversion process takes the long carbon chains in the plastics, waxes, heavy oils, etc. and converts them to smaller chains or fuels (How Stuff Works, 2007).

Table 2. Products derived from crude oil (How Stuff  Works, 2007)

Product
Common Name
Carbon Atoms

Petroleum Gas
Methane, propane, ethane, butane
1-4

Naphtha or Ligroin
(intermediate product used for gasoline)
5-9

Gasoline
Motor fuel
5-12

Kerosene
Jet fuel/tractor fuel
10-18

Gas Oil or Diesel Distillate
Diesel fuel/heating oil
12+

Lubricating Oil
Motor oil/grease/other lubricants
20-50

Heavy Gas or Fuel Oil
Industrial fuel
20-70

Residuals
Coke, asphalt, tar, waxes
70+

CWT (and the automotive industry) has approached refineries with the idea of adding their fuel to the refining process to yield other products such as gasoline and was told they would be able to do this without many issues.(Appel, 2006)  The process of converting this fuel into other products would be fairly simple.  The refineries will be able to put the thermal conversion fuel into their distillation process and crack (break down) the longer chains of hydrocarbons into shorter ones to make fuels such as gasoline.  The refining process only converts about 40% of the crude oil to gasoline, but by using a chemical processes to combine hydrocarbons (unification or catalytic reforming) or alter (a process called alkylation) them will produce more transportation fuels; therefore, the thermal conversion fuel could also be used for these processes. (How Stuff Works, 2007)  The thermal conversion fuel is not as heavy as the crude oil and should be fairly easy to convert to gasoline and other fuels with the normal refining processes. 

Thermal Conversion Process


The thermal conversion process consists of pressure cooking the material so that the chemical bonds break and the feedstock converts to the individual constituents that make up the material.  For example, the plastics may contain several different molecules beside hydrocarbon chains.  This process breaks the bonds so that the other elements may be separated from the hydrocarbon molecules and breaks the larger chains of hydrocarbons form the plastics into smaller chains of molecules that make fuel/oil.  Figure 2 is a representation of the thermal conversion process of shredder residue. (Appel, 2006)


The feedstock is shredded into a pulp; water is added to form a slurry.  The slurry is heated by pumping the mixture under pressure through a heat exchanger to a first stage reactor.   The heated slurry passes through a chamber where the water is vaporized and exits the chamber while the solids are also released leaving only the organic liquid to continue the rest of the conversion process.  Once again the slurry heated at high temperatures to form fuel gas, light oil, and non-volatile organic compounds.  Once the fuel gas leaves the chamber it goes through a heat exchanger where the gas is separated from the oil.  Oil is stored and the gas goes to the boiler to fuel the process.  Excess fixed carbon is stored in bins for pick up, which could also be used for a number of products and services to include a fuel. (Appel, 2006)
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Figure 3.  Shredder Residue Thermal Conversion (Appel, 2006)


Water is separated during the last phase of the process, cooled and the majority of it sent to an off-site lagoon.  This water could be used on the thermal conversion facility or be cooled and sent to through the sewer system.  If the feedstock is appropriate, it could be used as a liquid fertilizer.  Water would be required for the initial start up of the facility, but would also be a product of the process and recycled for use in the conversion of more waste.  (Appel, 2006)


Wastes associated with animal offal or agricultural wastes create a fertilizer as a by-product of the operation, but converting industrial and MSW would require further study to determine the nature of the waste those feed stocks would generate.  Many of the materials found in MSW and industrial waste are comprised of other chemicals as well as hydrocarbons. (Wheeler, 2007)  The production of hazardous chemicals from the thermal conversion process is possible; therefore the process would require more study.  It is also likely that if hazardous chemicals are separated from MSW and industrial wastes, they may be recycled.  For example, polyvinyl chloride (PVC) is the material used to make house siding, pipes, and other construction materials.  When PVC undergoes thermal conversion, it yields oil and hydrochloric acid; the acid could be used to make cleaners and solvents. (Appel, 2007)


There are, of course, other opinions on the claims of Changing World Technologies.  In an article, “Comments on Changing World Technologies Plan to Turn Garbage into Oil”, Dr. Paul Palmer (a Chemist) completely disagrees with the claims of CWT that were made in a Discover magazine article titled, “Anything into Oil”.  In the article, Dr. Palmer does not agree with the CWT team and calls them, “Snake oil salesmen”.  He did not mention any scientific fact behind his comments that CWT was making “bogus” claims and some of his references to the Discover magazine article were not accurate. (Palmer, 2007)    For example, Dr. Palmer stated that CWT claims they can make steel into oil, and the Discover magazine article did not state that.  If in fact CWT had made a statement like that, they would be completely wrong and deserving of more scrutiny.  The comments from Dr. Palmer were more insulting than scientifically based; calling the public “gullible” and “dumb”. (Palmer, 2007)  Other than this one counter opinion and nearby residents of Carthage Missouri objections to odor, no other objectives to this technology could be found.  Even with objections from Carthage Missouri residents, the facility has been considered a success story by several organizations to include the three major automobile manufacturers in the US, Daimler/Chrysler, Ford, and General Motors. (Winslow, 2007)

Thermal Conversion Successes


The initial CWT pilot project was conducted near Philadelphia.  The Philadelphia pilot project was used to determine if the thermal conversion process would work for waste food processing.  The pilot facility is located at the Philadelphia Naval Business Center, Philadelphia PA.  The facility was designed to process 5 to 7.5 tons of food waste per day (Navy, 1999); the pilot project was eventually expanded to process shredder residue from the automotive industry.


The automotive industry creates millions of tons of waste each year from their manufacturing processes as well as automobiles being dismantled after their usefulness.  CWT teamed with Daimler/Chrysler, General Motors, and Ford to turn shredder residue into a usable product. (Wheeler, 2007)  After a car has been sent to the junk yard, they are generally sold for their scrap metal value and once all the metal is stripped from the vehicle the left over pieces are called shredder residue (approximately 25% of the vehicle).  This residue contains both organic and inorganic material, but the inorganic material is separated and the organic material turned into oil by the thermal conversion process.  Also included in the shredder residue are large appliances such as refrigerators and ranges. (Winslow, 2007)


The shredder residue project has consisted of three phases: phase one was conducted with minimal amounts of residue at the Philadelphia facility and operating costs were estimated for a full scale production facility by CWT.  Phase Two used 3,000 pounds of residue to produce several barrels of high quality oil.  During this phase it was determined that the residue was not typical of the residue that would be produced today with current metal recycling technology, so the third phase using typical residue is in progress now and should be completed this year (Winslow, 2007).


The initial test of shredder residue was conducted with two buckets (amount not specified) of residue at processing temperatures between 200o C and 500o C.  The first bucket had approximately 32% rubber and 28% plastics with various other organic and inorganic materials mixed in the residue.  Bucket #2 had a larger moisture and fines content resulting in a lower percentage of fuel by weight.  The oil production from bucket #1 to bucket #2 decreased from 42% to 30% of the weight of the initial feedstock due to the fines and water content.  (SAE 0848, 2005)


The process for both buckets created gas from Stage One and Two.  The gas in Stage One was mainly carbon dioxide, but the gas in Stage Two was mainly combustible gas that was used to run the heating process for follow-on residue conversion.  Also created in the process was water and fixed carbon; Table 3 describes the product of each phase for each bucket of residue.  

Table 3. Product for Thermal Conversion Process (SAE 0848, 2005)

Product
Bucket #1 (% weight of initial feedstock)
Bucket #2 (% weight of initial feedstock)

1st Stage Gas
4.7
6.7

2nd Stage Gas
11.0
8.0

Produced Water
0.0
0.0

1st Flash Condensate
.2
.4

2nd Flash Condensate
.4
.1

Carbon Matrix
19.0
32.1

Oil
64.7
52.7

The gas that is collected from the 2nd stage reactor has approximately 80% heating value of natural gas and over 64% of the solid feedstock is converted to oil. (SAE 0848, 2005)


The process is the same at the Carthage facility converting turkey offal into oil, but the Carthage facility does not yield hazardous materials. (Appel, 2006)  The shredder residue does contain substances of concern such as PCB (Polychlorinated Biphenyls) and heavy metals.  PCB amounts in buckets #1 and #2 were 41 ppm (parts per million) and 63.8 ppm respectively, but PCB could not be detected in the final oil product of either buckets of feedstock nor in the water or carbon matrix.  The majority of chemicals were neutralized by the extreme heat from the thermal conversion process. (SAE 0374, 2006)  Heavy metals were also substances of concern and Table 4 describes the metals detected in the feedstock and where the majority of the metals go after the process is complete.  There was very little heavy metal in the oil itself  because the metals were collected in the carbon matrix which could be used for a source of solid fuel for cement kilns (Winslow, 2007).  

Table 4. Heavy metal content (ppm) (SAE 0848, 2005)


Bucket #1

Bucket #2


Metal
Oil
Carbon
Oil
Carbon

Arsenic
Not Detected
2.1
Not Detected
10

Barium
Not Detected
400
Not Detected
580

Cadmium
Not Detected
240
Not Detected
28

Chromium
1.8
97
1.8
340

Copper
Not Detected
130000
Not Detected
29000

Lead
Not Detected
1400
1.3
2500

Mercury
Not Detected
Not Detected
Not Detected
Not Detected

Selenium
Not Detected
Not Detected
Not Detected
Not Detected

Silver
Not Detected
9.7
Not Detected
Not Detected

Zinc
2.1
7200
0.9
14000


Phase II of the shredder residue tests was conducted with 3,000 lbs of shredder residue to determine if the thermal conversion process could be cost effective.  This test also included the introduction of low-value waste oil which was used as a heat transfer medium for rapid, uniform heating of the shredder residue.  Approximately 44% of the initial shredder solids were converted to oil that could be used for energy uses or further refined into transportation fuels. (SAE 1580, 2006)


Part of the Phase II test included testing the final product for conversion to transportation fuels by using the cracking process at similar temperatures that are found in oil refineries.  This process converted the oil into 12% light distillate (gasoline; motor fuel) fuel, 38% middle distillate (kerosene; jet fuel), 32% diesel (diesel fuel; heating oil), and 15% heavy fuel oil (industrial fuel) with 3% as non-condensable gases.  All of these products were given to third parties for testing and met fuel standards that are required of distillate fuels from oil refineries at comparable costs. (SAE 1580, 2006)


The Phase II test also resulted in an economic analysis (Table 5) with the end oil sale prices at $38 per barrel ($62.50 for crude oil) and the metal recovered and sold at $150 per ton.  These prices would vary based on current values, but clearly shows that this would be an excellent feedstock for refineries. (SAE 1580, 2006)

Table 5. Economic Analysis (SAE 1580, 2006)

Total cost of facility:
$40,000,000

Start-up costs and working capital
$8,000,000

Financing:
$20,000,000 Grant

$28,000,000 Equity

Total investment
$28,000,000

Number of employees for facility
50 = $40,512

Repairs and maintenance
10% of 60% of plant cost

License fee
$10 per ton (initial year)

Conversions (300 tons)


Oil
43.10% or 789 barrels

Solid metals
22.70% or 68 tons

End Product sale prices


Oil
$38/barrel

Metal
$150/ton

Based on these figures, a facility that process shredder material would generate approximately $14,000,000 and the net free cash flow for the first three years would be around $4,600,000.  These figures are for a 300 ton/day facility and profits would increase for facilities of larger capacity, for example a 1000 ton/day facility. (SAE 1580, 2006)

The process at the Carthage, Missouri facility starts with the slaughter of approximately 35,000 turkeys per day at the Con Agra facility located 300 yards away from the thermal conversion facility.  The turkey offal is transported by trucks to the facility and emptied into large bins; the offal is then ground into small pieces and runs through a device that looks for and separates out metal.  Water is added to the mix to form slurry and heated at high temperatures under pressure.  Like the Philadelphia facility, the slurry passes through a Stage One and Stage Two reactors that will create combustible gas, water, oil, and separates the bone; the bone material is collected and sold as a high grade fertilizer. (Appel, 2006)


The turkey offal does produce more water than the shredder residue due to the water content of the offal.  Excess water, not being used as a spray fertilizer, is cooled to at least 100o F before it is released into the local sewer system. (DOE, 2004)  Very little waste is created from the turkey offal, but the facility at Carthage Missouri has had its environmental problems.


CWT has recently settled a law suit with the State of Missouri for the odor problems they have been having since March 2005. (MDNR, 2005)  Turkey parts can start to smell bad very quickly and part of the problem CWT had was the offal itself.  The company finally solved part of the problem by covering the offal until it was processed through the thermal conversion facility.  This left the emissions that the process has created and they found a technological solution that complied with state requirements. (Appel, 2006)   They are now in full production, converting 200 tons of turkey offal per day into approximately 2.5 barrels (42 gallons/barrel) of oil per ton of offal. (MDNR, 2005)  This fuel is being sold as a boiler fuel for heating and is reportedly cleaner than other heating fuels.


CWT had their oil product tested by a third party to determine the nitrogen oxide (NOx) emissions.  The fuel was compared to fuel from two different manufactures and two conclusions were drawn from the tests.  First, conversion of fuel-nitrogen is very low and second, the common practice of staging combustion will work well for this fuel as a neat fuel (not blended) or as a blend with other fuels.  Acorn Energy Development, LLC was also asked to look at the fuel as a boiler fuel and test the emissions and BTU value of the fuel from the Carthage, Missouri facility.  (Emissions, 2006)

The results of the tests clearly indicate that the CWT fuel oil is consistent with #2 oil, #4 oil, and for some pollutants, natural gas (see Table 6).  The BTU value of the CWT oil was found to be around 88% of refined or residual fuel oil which means that a boiler would use 12% more CWT fuel to make the same heat as the refined fuel.  The sulfur content of the CWT fuel is lower than that of the #4 oil and closely matches the low sulfur content of the #2 oil.  It was recommended that for purposes of using air emission standards, the CWT fuel is more characteristic of #4 oil; the viscosity and other fuel characteristics are similar to #4 oil.  (Emissions, 2006)

Table 6. Emissions of CWT oil versus refined oil (Emissions, 2006)

Pollutant
CWT Fuel

(lb/1000gal)
#2 Oil

(lb/1000gal)
#4 Oil

(lb/1000gal)
Natural Gas

(lb/106scf)

Particulate
7
2
7
7.6

Sulfur Dioxide
28.4
28.4
45.0
.6

Oxides of Nitrogen
20
20
20
100

Carbon Monoxide
5
5
5
84

Lead
N/A
.0013
.0015
N/A

VOCs
.34
.34
.34
5.5

Table 7 shows that the daily output of emissions are comparable to that of any fuel currently used in boilers.  If #4 oil is used in a boiler, CWT fuel could also be used unless there are environmental permit limitations for areas that CWT fuel rates higher that the other fuels (i.e. particulate). (Emissions, 2006)

Table 7. CWT oil's daily emissions comparison (Emissions, 2006)

Pollutant
CWT Fuel

(lb/hr)
#2 Oil

(lb/hr)
#4 Oil

(lb/hr
Natural Gas

(lb/hr)

Particulate
1.67
0.42
1.47
0.22

Sulfur Dioxide
6.67
5.96
9.44
0.02

Oxides of Nitrogen
4.76
4.20
4.20
2.91

Carbon Monoxide
1.19
1.05
1.05
2.45

Lead
N/A
0.0003
0.0003
N/A

VOCs
0.08
0.07
0.07
0.16

Air studies should continue if municipal waste, or any other organic waste not previously tested, is introduced to this process.

Upcoming Tests for Municipal Waste


Los Angeles County, California has requested various industries make proposals for new technology to be added to their current waste management practices. CWT is one technology they are considering. (Higgins, 2006)  Mr. Coby Skye of the LA County Department of Public Works, Environmental Programs Division, has stated that the CWT process is extremely interesting and has survived the first stage evaluations and is considered the top technology under consideration.  If this technology is accepted as an LA County waste management component, a demonstration facility will be built and various waste streams will be tested.  Mr. Coby gave no indications of when the final evaluations would occur or when a demonstration facility may be built.  Their plans on using the products of the process will greatly depend on the products (chemicals/fuels) the process will yield.  

Conclusions


The waste disposal problems in the United States will continue to escalate with the growth of our population and the United States will continue to see a dependency on foreign oil because of our dwindling supplies.  A process is available for mitigating both problems.  Changing World Technologies has developed a thermal conversion process that can transform waste to fuel.  This technology would be a feasible alternative to sending municipal waste, bio-waste, and other organic wastes to a landfill as well as offer a source of fuel to aid in relieving our dependency on foreign oil.  

The waste-to-oil numbers clearly indicate that the amount of waste we could convert to oil every year could not only eliminate our need for foreign oil, but would reduce or eliminate waste disposal in the United States.  The science behind the process is valid and the commercial production of renewable oil has been a success for CWT.  The process works for any organic material and would be an excellent technology to add to an existing municipal solid waste management system.  The concerns of heavy metals and chemical by-products of the waste have been proven to be of no concern in the shredder residue and animal offal conversion, but further study would be required for other forms of waste.  

Environmentally speaking, this process would convert some of the waste streams into a usable product and eliminate or neutralize other toxins and pathogens.  Landfills could be reduced in number and size or eliminated completely with the development of a waste management system that incorporates all four components of the EPA’s recommendation for waste management and a fifth component of waste to fuel.


Using CWT oil for manufacturing of other fuels will significantly decrease, if not completely eliminate, the need to import foreign oil; at least in the immediate future.  Oil demands will increase with the population increase, but so will waste disposal needs.  With further increases in fuel saving technologies, we could continue oil production from waste that will meet our needs for many years. 

 CWT has developed a process that has been proven by the success of the Carthage facility and the tests conducted by the “Big Three” (Ford, Daimler/Chrysler, General Motors), but more studies will be required for municipal and other industrial wastes.

Recommendations for Other Research

It is a reasonable assumption that not all waste contains the same constituents and would require study to determine the amount of oil the feedstock would yield as well as the amount and type of other products to include heavy metals and hazardous chemicals.  This process may have a military application when the Armed Forces are deployed to combat and operations other than war.  CWT should build a mobile unit that will deal with wastes created by the Armed Forces to reduce the supply lines and make the forces more self-sufficient.  


The Armed Forces use base camps to house and secure their personnel while they are deployed.  The fuel generated from their waste could fuel generators or portable heating systems.  If the military cannot use the fuel for their equipment, it could be given to the local population to stimulate their economy and create a sense of good will between the local population and the military.  This would also be useful on military installations in the United States and permanent installations overseas.  Many installations in the United States and overseas uses boilers for heating and the oil produced from installation waste may prove to be sufficient to meet their heating needs.


Heavy oils from the refining process are used for fuel oil or heating purposes.  That product could be converted to other fuels and the CWT product could be the US source of heating oil.  A study to determine the heating oil needs of the US population could determine whether that is feasible.  Converting coal fired power facilities that discharge tons of chemicals into the atmosphere every day may be replaced with generators that burn CWT fuel.  It could be cleaner than burning coal and the coal could be diverted to other uses.
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