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(57) ABSTRACT 

Disclosed are novel engineered fuel feed stocks, feed stocks 
produced by the described processes, and methods of making 
the fuel feed stocks. Components derived from processed 
MSW Waste streams can be used to make such feed stocks 
Which are substantially free of glass, metals, grit and non 
combustibles. These feed stocks are useful for a variety of 
purposes including as gasi?cation and combustion fuels. 
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ENGINEERED FUEL FEED STOCK 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims the bene?t of priority under 
35 U.S.C. 119(e) to co-pending US. application No. 61/076, 
025, ?led on Jun. 26, 2008, and entitled “ENGINEERED 
FUEL PELLET,” and US. application No. 61/076,020, ?led 
Jun. 26, 2008, and entitled “ENGINEERED INERT FUEL 
PELLET,” the disclosures of Which are hereby incorporated 
by reference in their entireties. 

FIELD OF THE INVENTION 

[0002] The present invention relates to alternative fuels. In 
particular, the invention relates to engineering engineered 
fuel feed stock suited for speci?c applications including as a 
fossil fuel substitute for combustion, as Well as feed stock for 
gasi?cation to produce high quality synthesis gas. Feed stock 
can be engineered to control air emission pro?les upon com 
bustion or gasi?cation (such as dioxins, sulfur emitted, as 
Well as others pollutants) as Well as to avoid slagging. The 
feed stock described herein comprises at least one component 
of processed municipal solid Waste, and optionally other 
components. 

BACKGROUND OF THE INVENTION 

[0003] Sources of fossil fuels useful for heating, transpor 
tation, and the production of chemicals as Well as petrochemi 
cals are becoming increasingly more scarce and costly. Indus 
tries such as those producing energy and petrochemicals are 
actively searching for cost effective engineered fuel feed 
stock alternatives for use in generating those products and 
many others. Additionally, due to the ever increasing costs of 
fossil fuels, transportation costs for moving engineered fuel 
feed stocks for production of energy and petrochemicals is 
rapidly escalating. 
[0004] These energy and petrochemical producing indus 
tries, and others, have relied on the use of fossil fuels, such as 
coal and oil and natural gas, for use in combustion and gas 
i?cation processes for the production of energy, for heating 
and electricity, and the generation of synthesis gas used for 
the doWnstream production of chemicals and liquid fuels, as 
Well as an energy source for turbines. 

[0005] Combustion and gasi?cation are thermochemical 
processes that are used to release the energy stored Within the 
fuel source. Combustion takes place in a reactor in the pres 
ence of excess air, or excess oxygen. Combustion is generally 
used for generating steam Which is used to poWer turbines for 
producing electricity. HoWever, the brute force nature of the 
combustion of fuel causes signi?cant amounts of pollutants to 
be generated in the gas produced. For example, combustion in 
an oxidiZing atmosphere of, for example, fossil fuels such as 
coal, oil and natural gas, releases nitrogen oxides, a precursor 
to ground level oZone Which can stimulate asthma attacks. 
Combustion is also the largest source of sulfur dioxide Which 
in turn produces sulfates that are very ?ne particulates. Fine 
particle pollution from US. poWer plants cuts short the lives 
of over 30,000 people each year. Hundreds of thousands of 
Americans suffer from asthma attacks, cardiac problems and 
upper and loWer respiratory problems associated With ?ne 
particles from poWer plants. 
[0006] Gasi?cation also takes place in a reactor, although in 
the absence of air, or in the presence of substoichiometric 
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amounts of oxygen. The thermochemical reactions that take 
place in the absence of oxygen or under substoichiometric 
amounts of oxygen do not result in the formation of nitrogen 
oxides or sulfur oxides. Therefore, gasi?cation can eliminate 
much of the pollutants formed during the ?ring of fuel. 
[0007] Gasi?cation generates a gaseous, fuel rich product 
knoWn as synthesis gas (syngas). During gasi?cation, tWo 
processes take place that convert the fuel source into a useable 
fuel gas. In the ?rst stage, pyrolysis releases the volatile 
components of the fuel at temperatures below 6000 C. (1 1 12° 
F.), a process knoWn as devolatiZation. The pyrolysis also 
produces char that consists mainly of carbon or charcoal and 
ash. In the second gasi?cation stage, the carbon remaining 
after pyrolysis is either reacted With steam, hydrogen, or pure 
oxygen. Gasi?cation With pure oxygen results in a high qual 
ity mixture of carbon monoxide and hydrogen due to no 
dilution of nitrogen from air. 
[0008] A variety of gasi?er types have been developed. 
They can be grouped into four major classi?cations: ?xed 
bed updraft, ?xed-bed doWndraft, bubbling ?uidized-bed and 
circulating ?uidized bed. Differentiation is based on the 
means of supporting the fuel source in the reactor vessel, the 
direction of How of both the fuel and oxidant, and the Way 
heat is supplied to the reactor. The advantages and disadvan 
tages of these gasi?er designs have been Well documented in 
literature, for example, ReZaiyan, J. and Nicholas P. Cher 
emisinoff, Gasi?cation Technology A Primer for Engineers 
and Scientists. Boca Raton: CRC Press, 2005, the contents of 
Which are hereby incorporated by reference. 
[0009] The updraft gasi?er, also knoWn as counter?oW gas 
i?cation, is the oldest and simplest form of gasi?er; it is still 
used for coal gasi?cation. The fuel is introduced at the top of 
the reactor, and a grate at the bottom of the reactor supports 
the reacting bed. The oxidant in the form of air or oxygen 
and/or steam are introduced beloW the grate and How up 
through the bed of fuel and char. Complete combustion of 
char takes place at the bottom of the bed, liberating CO2 and 
H20. These hot gases (~1000° C.) pass through the bed 
above, Where they are reduced to H2 and CO and cooled to 
about 750° C. Continuing up the reactor, the reducing gases 
(H2 and CO) pyrolyse the descending dry fuel and ?nally dry 
any incoming Wet fuel, leaving the reactor at a loW tempera 
ture (~500° C.). Updraft gasi?cation is a simple, loW cost 
process that is able to handle fuel With a high moisture and 
high inorganic content. The primary disadvantage of updraft 
gasi?cation is that the synthesis gas contains 10-20% tar by 
Weight, requiring extensive syngas cleanup before engine, 
turbine or synthesis applications. 
[0010] DoWndraft gasi?cation, also knoWn as concurrent 
?oW gasi?cation, has the same mechanical con?guration as 
the updraft gasi?er except that the oxidant and product gases 
?oW doWn the reactor, in the same direction as the fuel, and 
can combust up to 99.9% of the tars formed. LoW moisture 
fuel (<20%) and air or oxygen are ignited in the reaction Zone 
at the top of the reactor, generating pyrolysis gas/vapor, Which 
burns intensely leaving 5 to 15% char and hot combustion 
gas. These gases ?oW doWnWard and react With the char at 
800 to 1200° C., generating more CO and H2 While being 
cooled to beloW 800° C. Finally, unconverted char and ash 
pass through the bottom of the grate and are sent to disposal. 
The advantages of doWndraft gasi?cation are that up to 99.9% 
of the tar formed is consumed, requiring minimal or no tar 
cleanup. Minerals remain With the char/ash, reducing the 
need for a cyclone. The disadvantages of doWndraft gasi?ca 
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tion are that it requires feed drying to a loW moisture content 
(<20%). The syngas exiting the reactor is at high temperature, 
requiring a secondary heat recovery system; and 4-7% of the 
carbon remains unconverted. 

[0011] The bubbling ?uidized bed consists of ?ne, inert 
particles of sand or alumina, Which have been selected for 
size, density, and thermal characteristics. As gas (oxygen, air 
or steam) is forced through the inert particles, a point is 
reached When the frictional force betWeen the particles and 
the gas counterbalances the Weight of the solids. At this gas 
velocity (minimum ?uidization), the solid particles become 
suspended, and bubbling and channeling of gas through the 
media may occur, such that the particles remain in the reactor 
and appear to be in a “boiling state”. The minimum ?uidiza 
tion velocity is not equal to the minimum bubbling velocity 
and channeling velocity. For coarse particles, the minimum 
bubbling velocity and channeling velocity are close or almost 
equal, but the channeling velocity may be quite different, due 
to the gas distribution problem. The ?uidized particles tend to 
break up the fuel fed to the bed and ensure good heat transfer 
throughout the reactor. The advantages of bubbling ?uidized 
bed gasi?cation are that it yields a uniform product gas and 
exhibits a nearly uniform temperature distribution throughout 
the reactor. It is also able to accept a Wide range of fuel 
particle sizes, including ?nes; provides high rates of heat 
transfer betWeen inert material, fuel and gas. 
[0012] The circulating ?uidized bed gasi?ers operate at gas 
velocities higher than the so-called transport velocity or onset 
velocity of circulating ?uidization at Which the entrainment 
of the bed particles dramatically increases so that continuous 
feeding or recycling back the entrained particles to the bed is 
required to maintain a stable gas-solid system in the bed. 
iThe circulating ?uidized-bed gasi?cation is suitable for 
rapid reactions offering high heat transport rates due to high 
heat capacity of the bed material. High conversion rates are 
possible With loW tar and unconverted carbon. 
[0013] Normally these gasi?ers use a homogeneous source 
of fuel. A constant unchanging fuel source alloWs the gasi?er 
to be calibrated to consistently form the desired product. Each 
type of gasi?er Will operate satisfactorily With respect to 
stability, gas quality, ef?ciency and pressure losses only 
Within certain ranges of the fuel properties. Some of the 
properties of fuel to consider are energy content, moisture 
content, volatile matter, ash content and ash chemical com 
position, reactivity, size and size distribution, bulk density, 
and charring properties. Before choosing a gasi?er for any 
individual fuel it is important to ensure that the fuel meets the 
requirements of the gasi?er or that it can be treated to meet 
these requirements. Practical tests are needed if the fuel has 
not previously been successfully gasi?ed. 
[0014] Normally, gasi?ers use a homogeneous source of 
fuel for producing synthesis gas. A constant unchanging fuel 
source alloWs the gasi?er to be calibrated to consistently form 
the desired product. Each type of gasi?er Will operate satis 
factorily With respect to stability, gas quality, e?iciency and 
pressure losses only Within certain ranges of the fuel proper 
ties. Some of the properties of fuel to consider for combustion 
and gasi?cation are high heating value (HHV) content, car 
bon (C), hydrogen (H), and oxygen (O) content, BTU value, 
moisture content, volatile matter content, ash content and ash 
chemical composition, sulfur content, chlorine content, reac 
tivity, size and size distribution, and bulk density. Before 
choosing a gasi?er for any individual fuel it is important to 
ensure that the fuel meets the requirements of the gasi?er or 
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that it can be treated to meet these requirements. Practical 
tests are needed if the fuel has not previously been success 
fully gasi?ed. 
[0015] One potential source for a large amount of feed 
stock for gasi?cation is Waste. Waste, such as municipal solid 
Waste (MSW), is typically disposed of or used in combustion 
processes to generate heat and/or steam for use in turbines. 
The drawbacks accompanying combustion have been 
described above, and include the production of pollutants 
such as nitrogen oxides, sulfur oxide, particulates and prod 
ucts of chlorine that damage the environment. 
[0016] One of the most signi?cant threats facing the envi 
ronment today is the release of pollutants and greenhouse 
gases (GHGs) into the atmosphere through the combustion of 
fuels. GHGs such as carbon dioxide, methane, nitrous oxide, 
Water vapor, carbon monoxide, nitrogen oxide, nitrogen diox 
ide, and ozone, absorb heat from incoming solar radiation but 
do not alloW long-Wave radiation to re?ect back into space. 
GHGs in the atmosphere result in the trapping of absorbed 
heat and Warming of the earth’s surface. In the U.S., GHG 
emissions come mostly from energy use driven largely by 
economic groWth, fuel used for electricity generation, and 
Weather patterns affecting heating and cooling needs. 
Energy-related carbon dioxide emissions, resulting from 
petroleum and natural gas, represent 82 percent of total U.S. 
human-made GHG emissions. Another greenhouse gas, 
methane, comes from land?lls, coal mines, oil and gas opera 
tions, and agriculture; it represents nine percent of total emis 
sions. Nitrous oxide (5 percent of total emissions), mean 
While, is emitted from burning fossil fuels and through the use 
of certain fertilizers and industrial processes. World carbon 
dioxide emissions are expected to increase by 1.9 percent 
annually betWeen 2001 and 2025. Much of the increase in 
these emissions is expected to occur in the developing World 
Where emerging economies, such as China and India, fuel 
economic development With fossil energy. Developing coun 
tries’ emissions are expected to groW above the World average 
at 2.7 percent annually betWeen 2001 and 2025; and surpass 
emissions of industrialized countries near 2018. 

[0017] Waste land?lls are also signi?cant sources of GHG 
emissions, mostly because of methane released during 
decomposition of Waste, such as, for example, MSW. Com 
pared With carbon dioxide, methane is tWenty-times stronger 
than carbon dioxide as a GHG, and land?lls are responsible 
for about 4% of the anthropogenic emissions. Considerable 
reductions in methane emissions can be achieved by combus 
tion of Waste and by collecting methane from land?lls. The 
methane collected from the land?ll can either be used directly 
in energy production or ?ared off, i.e., eliminated through 
combustion Without energy production (Combustion Of 
Waste May Reduce Greenhouse Gas Emissions, Science 
Daily, Dec. 8, 2007). 
[0018] One measure of the impact human activities have on 
the environment in terms of the amount of green house gases 
produced is the carbon footprint, measured in units of carbon 
dioxide (CO2). The carbon footprint can be seen as the total 
amount of carbon dioxide and other GHGs emitted over the 
full life cycle of a product or service. Normally, a carbon 
footprint is usually expressed as a CO2 equivalent (usually in 
kilograms or tons), Which accounts for the same global Warm 
ing effects of different GHGs. Carbon footprints can be cal 
culated using a Life Cycle Assessment method, or can be 
restricted to the immediately attributable emissions from 
energy use of fossil fuels. 
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[0019] An alternative de?nition of carbon footprint is the 
total amount of CO2 attributable to the actions of an indi 
vidual (mainly through their energy use) over a period of one 
year. This de?nition underlies the personal carbon calcula 
tors. The term oWes its origins to the idea that a footprint is 
What has been left behind as a result of the individual’s activi 
ties. Carbon footprints can either consider only direct emis 
sions (typically from energy used in the home and in trans 
port, including travel by cars, airplanes, rail and other public 
transport), or can also include indirect emissions Which 
include CO2 emissions as a result of goods and services con 
sumed, along With the concomitant Waste produced. 
[0020] The carbon footprint can be e?iciently and effec 
tively reduced by applying the folloWing steps: (i) life cycle 
assessment to accurately determine the current carbon foot 
print; (ii) identi?cation of hot-spots in terms of energy con 
sumption and associated CO2-emissions; (iii) optimization of 
energy ef?ciency and, thus, reduction of CO2-emissions and 
reduction of other GHG emissions contributed from produc 
tion processes; and (iv) identi?cation of solutions to neutral 
ize the CO2 emissions that cannot be eliminated by energy 
saving measures. The last step includes carbon offsetting, and 
investment in projects that aim at the reducing CO2 emis 
sions. 

[0021] The purchase of carbon offsets is another Way to 
reduce a carbon footprint. One carbon offset represents the 
reduction of one ton of CO2-eq. Companies that sell carbon 
offsets invest in projects such as reneWable energy research, 
agricultural and land?ll gas capture, and tree-planting. 
[0022] Purchase and WithdraWal of emissions trading cred 
its also occur, Which creates a connection betWeen the volun 
tary and regulated carbon markets. Emissions trading 
schemes provide a ?nancial incentive for organizations and 
corporations to reduce their carbon footprint. Such schemes 
exist under cap-and-trade systems, Where the total carbon 
emissions for a particular country, region, or sector are 
capped at a certain value, and organizations are issuedpermits 
to emit a fraction of the total emissions. Organizations that 
emit less carbon than their emission target can then sell their 
“excess” carbon emissions. 

[0023] For many Wastes, the disposed materials represent 
What is left over after a long series of steps including: (i) 
extraction and processing of raW materials; (ii) manufacture 
of products; (iii) transportation of materials and products to 
markets; (iv) use by consumers; and (v) Waste management. 
At virtually every step along this “life cycle,” the potential 
exists for greenhouse gas (GHG) impacts. Waste manage 
ment affects GHGs by affecting energy consumption (spe 
ci?cally, combustion of fossil fuels) associated With making, 
transporting, using, and disposing the product or material that 
becomes a Waste and emissions from the Waste in land?lls 
Where the Waste is disposed. 

[0024] Incineration typically reduces the volume of the 
MSW by about 90% With the remaining 10% of the volume of 
the original MSW still needing to be land?lled. This incin 
eration process produces large quantities of the GHG CO2. 
Typically, the amount of energy produced per equivalents 
CO2 expelled during incineration are very loW, thus making 
incineration of MSW for energy production one of the Worst 
offenders in producing GHG released into the atmosphere. 
Therefore, if GHGs are to be avoided, neW solutions for the 
disposal of Wastes, such as MSW, other than land?lling and 
incineration, are needed. 
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[0025] Each material disposed of as Waste has a different 
GHG impact depending on hoW it is made and disposed. The 
most important GHGs for Waste management options are 
carbon dioxide, methane, nitrous oxide, and per?uorocar 
bons. Of these, carbon dioxide (CO2) is by far the most 
common GHG emitted in the US. Most carbon dioxide emis 
sions result from energy use, particularly fossil fuel combus 
tion. Carbon dioxide is the reference gas for measurement of 
the heat-trapping potential (also knoWn as global Warming 
potential or GWP). By de?nition, the GWP of one kilogram 
(kg) of carbon dioxide is 1. Methane has a GWP of 21, 
meaning that one kg of methane has the same heat-trapping 
potential as 21 kg of CO2. Nitrous oxide has a GWP of310. 
Per?uorocarbons are the most potent GHGs With GWPs of 
6,500 for CF4 and 9,200 for C2136. Emissions ofcarbon diox 
ide, methane, nitrous oxide, and per?uorocarbons are usually 
expressed in “carbon equivalents.” Because CO2 is 12/44 
carbon by Weight, one metric ton of CO2 is equal to 12/44 or 
0.27 metric tons of carbon equivalent (MTCE). The MTCE 
value for one metric ton of each of the other gases is deter 
mined by multiplying its GWP by a factor of 12/44 (The 
lntergovemmental Panel on Climate Change (IPCC), Climate 
Change 1995: The Science ofClimaZe Change, 1996, p. 121). 
Methane (CH4), a more potent GHG, is produced When 
organic Waste decomposes in an oxygen free (anaerobic) 
environment, such as a land?ll. Methane from land?lls is the 
largest source of methane in the US. 

[0026] The greater GHG emission reductions are usually 
obtained When recycled Waste materials are processed and 
used to replace fossil fuels. If the replaced material is bio 
genic (material derived from living organisms), it is not 
alWays possible to obtain reductions of emissions. Even other 
factors, such as the treatment of the Waste material and the 
fate of the products after the use, affect the emissions balance. 
For example, the recycling of oil-absorbing sheets made of 
recycled textiles lead to emission reductions compared With 
the use of virgin plastic. In another example, the use of 
recycled plastic as raW material for construction material Was 
found to be better than the use of impregnated Wood. This is 
because the combustion of plastic causes more emissions 
than impregnated Wood for reducing emissions. If the 
replaced material had been fossil fuel-based, or concrete, or 
steel, the result Would probably have been more favorable to 
the recycling of plastic. 
[0027] Given the effect of GHGs on the environment, dif 
ferent levels of government are considering, and in some 
instances have initiated, programs aimed at reducing the 
GHGs released into the atmosphere during the conversion of 
fuels into energy. One such initiative is the Regional Green 
house Gas Initiative (RGGI). RGGI is a market-based pro 
gram designed to reduce global Warming pollution from elec 
tric poWer plants in the Northeast. Other such initiatives are 
being considered in different sections of the US. and on the 
federal level. RGGI is a government mandated GHG trading 
system in the Northeastern US. This program Will require, 
for example, that coal-?red poWer plants aggressively reduce 
their GHG emissions by on average 2.5% per year. One Way 
to do this is by changing the fuel source used or scrubbing the 
emissions to remove the pollutants. An alternative is to pur 
chase carbon credits generated by others Which can offset 
their emissions into the atmosphere. 
[0028] Other emissions to be avoided are sulfur emissions 
as Well as chlorine emissions. Fuels and Waste containing 
signi?cant amounts of sulfur or chlorine should be avoided 
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for combustion and gasi?cation reactions. Signi?cant 
amounts are de?ned as an amount that When added to a ?nal 

fuel feed stock causes the ?nal feed stock to have more than 
2% sulfur or more than 1% of chlorine. Materials such as coal, 
used tires, carpet, and rubber, When combusted, release unac 
ceptable amounts of harmful sulfur- and chlorine-based 
gases. 
[0029] Thus, there is a need for alternative fuels that burn 
e?iciently and cleanly and that can be used for the production 
of energy and/or chemicals. There is at the same time a need 
for Waste management systems that implement methods for 
reducing GHG emissions of Waste by utiliZing such Wastes. In 
particular, there is a need for reducing the carbon foot print of 
materials by affecting their end-stage life cycle management. 
By harnessing and using the energy content contained in 
Waste, it is possible to reduce GHG emissions generated 
during the processing of Wastes and effectively use the Waste 
generated by commercial and residential consumers. 
[0030] It is an object of the present invention to provide an 
engineered fuel feed stock (EF) containing speci?ed chemi 
cal molecular characteristics, such as carbon content, hydro 
gen content, oxygen content, sulfur content, ash content, 
moisture content, and HHV for thermal-conversion of car 
bon-containing materials. The engineered fuel feed stock is 
useful for many purposes including, but not limited to, pro 
duction of synthesis gas. Synthesis gas, in turn, is useful for a 
variety of purposes including for production of liquid fuels by 
Fischer-Tropsch technology. 

SUMMARY OF THE INVENTION 

[0031] The present disclosure describes an engineered fuel 
feed stock comprising at least one component derived from a 
processed MSW Waste stream, the feed stock possessing a 
range of chemical molecular characteristics Which make it 
useful for a variety of combustion and gasi?cation purposes. 
Purposes such as generating energy When used as a substitute 
for coal or as a supplement to coal is described, as Well as a 
source feed stock for use in gasi?cation and production of 
synthesis gas. The feed stock can be in the form of loose 
material, densi?ed cubes, briquettes, pellets, or other suitable 
shapes and forms. A process of producing engineered fuel 
feed stock is described Which comprises the process in Which 
a plurality of Waste streams, including solid and liquid Wastes, 
are processed and, Where necessary, separated in a materials 
recovery center so as to inventory the components Which 
comprise the Waste streams. In some embodiments, the mate 
rials comprising the Waste stream in the materials recovery 
facility are inventoried for chemical molecular characteris 
tics, Without separation, and this inventoried material can be 
stored for subsequent use When producing a desired engi 
neered fuel feed stock having a particular chemical molecular 
pro?le. In other embodiments, the materials comprising the 
Waste stream entering the materials recovery facility are sepa 
rated according to their chemical molecular characteristics 
and inventoried separately for use in producing an engineered 
fuel feed stock. These materials comprising the Waste stream 
entering the materials recovery facility, When undergoing 
separation, can be positively or negatively selected for, based 
on, for example, BTU fuel content, carbon content, hydrogen 
content, ash content, chlorine content, or any other suitable 
characteristics, for gasi?cation or combustion. Methods for 
making the engineered fuel feed stock described herein are 
also described. 
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[0032] Algorithms for engineering HHV fuels are dis 
closed. HHV fuels can be designed, for example, to have the 
highest possible heat content With a tolerable ash content in 
order to prevent slagging. These fuels have comparable 
energy density (BTU/ lb) to coal, but Without the problems of 
slagging, fusion and sulfur pollution, and can serve as a 
substitute for coal or a supplement to coal. Also, engineered 
fuel feed stocks can be designed, for example, to produce high 
quality syngas by optimiZing the content of C, H, and O in the 
feed stock prior to gasi?cation. Such engineered fuel feed 
stocks produce high quality syngas in terms of HHV if the 
syngas is to be used for poWer generation applications or 
H2/CO ratios, amounts of CO and H2 present in the product 
syngas in the event that the syngas is to be used in chemical 
synthetic applications. Also, engineered fuel feed stocks can 
be engineered so as to minimiZe harmful emissions, for 
example, engineered feed stocks comprising less than 2% 
sulfur content. Various Waste stream components, including 
recyclable materials and recycling residue, can be used to 
produce the desired engineered fuel feed stock. Although at 
any given time during the life cycle of the Waste entering the 
materials recovery facility, it may be determined that the 
highest and best use for some or all of the components of the 
Waste streams is for them to be recycled. 

[0033] Accordingly, in one aspect the present invention 
provides an engineered fuel feed stock, comprising a compo 
nent derived from a processed MSW Waste stream, the feed 
stock having a carbon content of betWeen about 30% and 
about 80%, a hydrogen content of betWeen about 3% and 
about 10%, an ash content of less than about 10%, a sulfur 
content of less than 2%, and a chlorine content of less than 
about 1%. In some embodiments, the feed stock has a HHV of 
betWeen about 3,000 BTU/lb and about 15,000 BTU/lb. In 
some embodiments, the feed stock has a volatile matter con 
tent of about 40% to about 80%. In some embodiments, the 
feed stock has a moisture content of less than about 30%. In 
some embodiments, the feed stock has a moisture content of 
betWeen about 10% and about 30%. In other embodiments, 
the feed stock has a moisture content of betWeen about 10% 
and about 20%. In still further embodiments, the feed stock 
has a moisture content of about 1% and about 10%. The 
engineered fuel feed stock contains substantially no glass, 
metal, grit and noncombustibles (other than those necessary 
to cause the engineered fuel feed stock to be inert). 

[0034] In some embodiments, the feed stock has a carbon 
content of betWeen about 40% and about 70%. In some 
embodiments, the feed stock has a carbon content of betWeen 
about 50% and about 60%. In some embodiments, the feed 
stock has a carbon content of betWeen about 30% and about 
40%. In some embodiments, the feed stock has a carbon 
content of betWeen about 40% and about 50%. In some 
embodiments, the feed stock has a carbon content of betWeen 
about 60% and about 70%. In some embodiments, the feed 
stock has a carbon content of betWeen about 70% and about 
80%. In some embodiments, the feed stock has a carbon 
content of about 35%. In some embodiments, the feed stock 
has a carbon content of about 45%. In some embodiments, the 
feed stock has a carbon content of about 55%. In some 
embodiments, the feed stock has a carbon content of about 
65%. In some embodiments, the feed stock has a carbon 
content of about 75%. 

[0035] In some embodiments, the feed stock has a hydro 
gen content of betWeen about 4% and about 9%. In some 
embodiments, the feed stock has a hydrogen content of 



US 2010/0018113 A1 

between about 5% and about 8%. In some embodiments, the 
feed stock has a hydrogen content of betWeen about 6% and 
about 7%. 
[0036] In some embodiments, the feed stock has a moisture 
content of betWeen about 12% and about 28%. In some 
embodiments, the feed stock has a moisture content of 
betWeen about 14% and about 24%. In some embodiments, 
the feed stock has a moisture content of betWeen about 16% 
and about 22%. In some embodiments, the feed stock has a 
moisture content of betWeen about 18% and about 20%. 

[0037] In some embodiments, the feed stock has an ash 
content of less than about 10%. In some embodiments, the 
feed stock has an ash content of less than about 9%. In some 
embodiments, the feed stock has an ash content of less than 
about 8%. In some embodiments, the feed stock has an ash 
content of less than about 7%. In some embodiments, the feed 
stock has an ash content of less than about 6%. In some 
embodiments, the feed stock has an ash content of less than 
about 5%. In some embodiments, the feed stock has an ash 
content of less than about 4%. In some embodiments, the feed 
stock has an ash content of less than about 3%. 

[0038] In some embodiments, the feed stock has a HHV of 
betWeen about 3,000 BTU/lb and about 15,000 BTU/lb. In 
some embodiments, the feed stock has a HHV of betWeen 
about 4,000 BTU/ lb and about 14,000 BTU/lb. In some 
embodiments, the feed stock has a HHV of betWeen about 
5,000 BTU/lb and about 13,000 BTU/lb. In some embodi 
ments, the feed stock has a HHV of betWeen about 6,000 
BTU/lb and about 12,000 BTU/lb. In some embodiments, the 
feed stock has a HHV of betWeen about 7,000 BTU/lb and 
about 11,000 BTU/lb. In some embodiments, the feed stock 
has a HHV of betWeen about 8,000 BTU/lb and about 10,000 
BTU/lb. In some embodiments, the feed stock has a HHV of 
about 9,000 BTU/lb. 
[0039] In some embodiments, the feed stock has a volatile 
matter content of about 50% to about 70%. In some embodi 
ments, the feed stock has a volatile matter content of about 
60%. 

[0040] In some embodiments, the engineered fuel feed 
stock has a ratio of H/C from about 0.025 to about 0.20. In 
some embodiments, the engineered fuel feed stock has a ratio 
of H/C from about 0.05 to about 0.18. In some embodiments, 
the engineered fuel feed stock has a ratio of H/ C from about 
0.07 to about 0.16. In some embodiments, the engineered fuel 
feed stock has a ratio of H/C from about 0.09 to about 0.14. In 
some embodiments, the engineered fuel feed stock has a ratio 
of H/C from about 0.10 to about 0.13. In some embodiments, 
the engineered fuel feed stock has a ratio of H/ C from about 
0.1 1 to about 0.12. In some embodiments, the engineered fuel 
feed stock has a ratio of H/C of about 0.13. In some embodi 
ments, the engineered fuel feed stock has a ratio of H/C of 
about 0.08. 
[0041] In some embodiments, the engineered fuel feed 
stock has an O/C ratio from about 0.01 to about 1.0. In some 
embodiments, the engineered fuel feed stock has an O/C ratio 
from about 0.1 to about 0.8. In some embodiments, the engi 
neered fuel feed stock has an O/C ratio from about 0.2 to 
about 0.7. In some embodiments, the engineered fuel feed 
stock has an O/C ratio from about 0.3 to about 0.6. In some 
embodiments, the engineered fuel feed stock has an O/C ratio 
from about 0.4 to about 0.5. In some embodiments, the engi 
neered fuel feed stock has an O/C ratio of about 0.9. In some 
embodiments, the engineered fuel feed stock has an O/C ratio 
of about 0.01. 
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[0042] In some embodiments, the engineered fuel feed 
stock upon gasi?cation at 8500 C. and an ER of 0.34 produces 
synthesis gas comprising H2 in an amount from about 6 vol. % 
to about 30 vol. %; CO in an amount from about 14 vol. % to 
about 25 vol. %, CH4 in an amount from about 0.3 vol. % to 
about 6.5 vol. %, CO2 in an amount from about 6.5 vol. % to 
about 13.5% vol. %; and N2 in an amount from about 44 vol. 
% to about 68 vol. %. 

[0043] In some embodiments, the engineered fuel feed 
stock upon gasi?cation at 8500 C. and an ER of 0.34 produces 
synthesis gas having an H2/CO ratio from about 0.3 to about 
2.0. In some embodiments, the engineered fuel feed stock 
upon gasi?cation at 8500 C. and an ER of 0.34 produces 
synthesis gas having an H2/CO ratio from about 0.5 to about 
1.5. In some embodiments, the engineered fuel feed stock 
upon gasi?cation at 8500 C. and an ER of 0.34 produces 
synthesis gas having an H2/CO ratio from about 0.8 to about 
1.2. In some embodiments, the engineered fuel feed stock 
upon gasi?cation at 8500 C. and an ER of 0.34 produces 
synthesis gas having an H2/CO ratio of about 1.0. 
[0044] In some embodiments, the engineered fuel feed 
stock upon gasi?cation at 8500 C. and an ER of 0.34 produces 
synthesis gas having H2 in an amount of about 20 vol. %; N2 
in an amount of about 46 vol. %; CO in an amount of about 25 
vol. %; CH4 in an amount ofabout 1 vol. %; CO2 in an amount 
of about 8 vol. %; and a BTU/scf of about 160. 

[0045] In some embodiments, the engineered fuel feed 
stock When combusted produces less harmful emissions as 
compared to the combustion of coal. In some embodiments, 
the engineered fuel feed stock When combusted produces less 
sulfur emission as compared to the combustion of coal. In 
some embodiments, the engineered fuel feed stock When 
combusted produces less HCl emission as compared to the 
combustion of coal. In some embodiments, the engineered 
fuel feed stock When combusted produces less heavy metal 
emissions such as for example mercury as compared to the 
combustion of coal. In some embodiments, the engineered 
fuel feed stock is designed to avoidthe emission of particulate 
matters, NOX, CO, CO2, volatile organic compounds 
(V OCs), and halogen gases. 
[0046] In some embodiments, the engineered fuel feed 
stock is designed to have reduced emission pro?les With 
respect to GHGs as compared to the GHGs emitted from 
combusted coal. In some embodiments, the engineered fuel 
feed stock is designed to have reduced emission pro?les With 
respect to GHGs emitted from the combustion of biomasses 
such as for example, Wood, sWitch grass and the like. 

[0047] In some embodiments, the feed stock is in a loose, 
non-densi?ed form. In other embodiments, the engineered 
fuel feed stock is in a densi?ed form. In some embodiments, 
the densi?ed form is a cube. In some embodiments, the den 
si?ed form is rectangular. In other embodiments, the densi 
?ed form is cylindrical. In some embodiments, the densi?ed 
form is spherical. In some embodiments, the densi?ed form is 
a briquette. In other embodiments, the densi?ed form is a 
pellet. In some embodiments, the densi?ed fuel is sliced into 
sheets of different thickness. In some embodiments, the 
thickness is betWeen about 3/16 inches to about 3A inches. In 
some embodiments, the engineered fuel feed stock further 
comprises at least one Waste material in addition to the com 
ponent derived from a processed MSW Waste stream that 
enhances the gasi?cation of the fuel pellet. In some embodi 
ments, the engineered fuel feed stock further comprises at 
least one Waste material in addition to the component derived 
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from a processed MSW Waste stream that enhances the gas 
i?cation of the fuel pellet. In some embodiments, the 
enhancement is a reduction in ash. In other embodiments, the 
enhancement aids in the control of temperature. In still other 
embodiments, the enhancement is a reduction in the amount 
of sulfur emissions produced. In still other embodiments, the 
enhancement is the reduction of chlorine emissions pro 
duced. In still other embodiments, the enhancement is the 
reduction of heavy metal emissions produced. 
[0048] In some embodiments, the engineered fuel feed 
stock is rendered inert. In some embodiments, the engineered 
fuel feed stock comprises at least one additive that renders the 
feed stock inert. In some embodiments, an additive can be 
blended into the processed MSW Waste stream that can render 
the resulting pellet inert. Some types of Wet MSW contain a 
relatively high number of viable bacterial cells that can gen 
erate heat and hydrogen gas during fermentation under Wet 
conditions, for example during prolonged storage or trans 
portation. For example, an additive such as calcium hydrox 
ide can be added to the MSW for the prevention of the rotting 
of food Wastes and for the acceleration of drying of solid 
Wastes. In some embodiments, the additive that renders the 
feed stock inert is CaO. Other non limiting examples of addi 
tives are calcium sulfoaluminate and other sulfate com 
pounds, as long as they do not interfere With the doWnstream 
processes in Which the pellet are used. 
[0049] Alternatively, the MSW can be rendered biologi 
cally inert through any knoWn method for inactivating bio 
logical material. For example, X-rays can be used to deacti 
vate the MSW before processing, or after processing. Drying 
can be used to remove the Water necessary for organisms such 
as microbes to groW. Treatment of the MSW With high heat 
and optionally also high heat under pressure (autoclaving) 
Will also render the MSW biologically inert. In one embodi 
ment, the excess heat generated by the reciprocating engines 
or turbines fueled by the engineered pellets can be redirected 
through the system and used to render the MSW inert. In other 
embodiments, the feed stock is rendered inert through means 
such as microWave radiation. 

[0050] In some embodiments, the densi?ed form of the 
engineered fuel feed stock has a diameter of betWeen about 
0.25 inches to about 1.5 inches. In some embodiments, the 
densi?ed form of the engineered fuel feed stock has a length 
of betWeen about 0.5 inches to about 6 inches. In some 
embodiments, the densi?ed form of the engineered fuel feed 
stock has a surface to volume ratio of betWeen about 20:1 to 
about 3:1. In some embodiments, the densi?ed form of the 
engineered fuel feed stock has a bulk density of about 10 lb/ft3 
to about 75 lb/ft3 . In some embodiments, the densi?ed form of 
the engineered fuel feed stock has a porosity of betWeen about 
0.2 and about 0.6. In some embodiments, the densi?ed form 
of the engineered fuel feed stock has an aspect ratio of 
betWeen about 1 to about 10. In some embodiments, the 
densi?ed form of the engineered fuel feed stock has a thermal 
conductivity of betWeen about 0.023 BTU/(ft-hr-o F.) and 
about 0.578 BTU/(ft-hro F.). In some embodiments, the den 
si?ed form of the engineered fuel feed stock has a speci?c 
heat capacity of betWeen about 4.78><10_5 BTU/(lb-o F.) to 
4.78><10_4 BTU/(lb-o F.). In some embodiments, the densi?ed 
form of the engineered fuel feed stock has a thermal diffusiv 
ity ofbetWeen about 1.08><10_5 ft2/s to 2.16><10_5 ft2/s. 
[0051] In some embodiments, the at least one Waste mate 
rial that enhances the gasi?cation of the fuel pellet is selected 
from fats, oils and grease (FOG). In some embodiments, the 
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at least one Waste material that enhances the gasi?cation of 
the fuel pellet is sludge. In some embodiments, the densi?ed 
form of the engineered fuel feed stock is substantially encap 
sulated Within the FOG component. In some of the embodi 
ments, the encapsulation layer is scored. In still further 
embodiments, the scoring of the encapsulated densi?ed form 
of the engineered fuel feed stock causes the fuel to devolatiZe 
more e?iciently during gasi?cation process than the fuel 
Without the scoring. 
[0052] In another aspect, an engineered fuel feed stock 
having a carbon content of betWeen about 30% and about 
80%, a hydrogen content of betWeen about 3% and about 
10%, a moisture content of betWeen about 10% and about 
30%, an ash content of less than about 10%, a sulfur content 
of less than 2%, and a chlorine content of less than about 1% 
is described that is produced by a process comprising: 

[0053] a) receiving a plurality of MSW Waste feeds at a 
material recovery facility; 

[0054] b) inventorying the components of the plurality of 
MSW Waste feeds of step a) as they pass through a 
material recovery facility based on the chemical molecu 
lar characteristics of the components; 

[0055] c) comparing the chemical molecular character 
istics of the components of the plurality of MSW Waste 
feeds inventoried in step b) With the chemical molecular 
characteristics of the engineered fuel feed stock; 

[0056] d) optionally adding additional engineered fuel 
feed stock components Which contain chemical molecu 
lar characteristics, Whose sum together With the inven 
toried components of step b) equal the chemical molecu 
lar characteristics of the engineered fuel feed stock. In 
some embodiments, the feed stock has a HHV of 
betWeen about 3,000 BTU/lb and about 15,000 BTU/lb. 
In some embodiments, the feed stock has a volatile mat 
ter content of about 40% to about 80%. In some embodi 
ments, the engineered fuel feed stock is reduced in siZe 
in order to homogeniZe the feed stock. In some embodi 
ments, the engineered fuel feed stock is densi?ed. In 
some embodiments, the densi?ed feed stock is in the 
form of a briquette. In some embodiments, the densi?ed 
feed stock is in the form of a pellet. In some embodi 
ments, the densi?ed feed stock is in the form of a cube. 

[0057] In another aspect, an engineered fuel feed stock is 
described that is produced by a process comprising: 

[0058] a) separating a plurality of MSW Waste feeds at a 
material recovery facility into a plurality of MSW Waste 
components based on chemical molecular characteris 
tics; 

[0059] b) selecting chemical molecular characteristics 
for the engineered fuel feed stock comprising a carbon 
content of betWeen about 30% and about 80%, a hydro 
gen content of betWeen about 3% and about 10%, a 
moisture content of betWeen about 10% and about 30%, 
an ash content of less than about 10%, a sulfur content of 
less than 2%, and a chlorine content of less than about 
1% for the engineered fuel feed stock; 

[0060] c) selecting MSW Waste components from step a) 
Whose sum of chemical molecular characteristics equals 
the chemical molecular characteristics selected in step 
b); 

[0061] d) optionally adding other fuel components to the 
selections of step c) if the chemical molecular charac 
teristics of the MSW Waste components selected in step 
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c) do not equal the chemical molecular characteristics of 
the selection of step b); and 

[0062] e) mixing the components of step c) and option 
ally of step d). 

[0063] In some embodiments, the siZe of the mixture of step 
e) is reduced to help homogeniZe the engineered fuel feed 
stock. In some embodiments, a siZe and shape is determined 
for a densi?ed form of the mixture of step e) or the siZe 
reduced mixture of step e). In some embodiments, the mix 
ture of step e) is densi?ed. In other embodiments, the siZe 
reduced mixture of step e) is densi?ed. In some embodiments, 
the engineered fuel feed stock has a HHV of betWeen about 
3,000 BTU/lb and about 15,000 BTU/lb. In some embodi 
ments, the feed stock has a volatile matter content of about 
40% to about 80%. 

[0064] In another aspect, a method of producing an engi 
neered fuel feed stock from a processed MSW Waste stream is 
described Which comprises the steps of: 
[0065] a) selecting a plurality components from a pro 
cessed MSW Waste stream Which components in combina 
tion have chemical molecular characteristics comprising a 
carbon content of betWeen about 30% and about 80%, a 
hydrogen content of betWeen about 3% and about 10%, a 
moisture content of betWeen about 10% and about 30%, an 
ash content of less than 10%, and a sulfur content of less than 

2%; 
[0066] b) combining and mixing together the selected 
components of step a) to form a feed stock; 

[0067] c) comparing the resulting chemical molecular 
characteristics of the feed stock of step b) With the 
chemical molecular characteristics of step a); 

[0068] d) optionally adding other fuel components to the 
selected components of step b) if the chemical molecular 
characteristics of the MSW Waste components selected 
in step b) do not equal the chemical molecular charac 
teristics of step a). 

[0069] In some embodiments, the siZe of the mixture of step 
b) or step d) is reduced to help homogeniZe the engineered 
fuel feed stock. In some embodiments, a siZe and shape is 
determined for a densi?ed form of the mixture of step b) or the 
siZe-reduced mixtures of steps b) or d). In some embodi 
ments, the mixture of step b) is densi?ed. In other embodi 
ments, the siZe-reduced mixture of step e) is densi?ed to a 
density of about 10 lbs/ft3 to about 75 lbs/ft3 . In some embodi 
ments, the engineered fuel feed stock has a HHV of betWeen 
about 3,000 BTU/lb and about 15,000 BTU/lb. In some 
embodiments, the feed stock has a volatile matter content of 
about 40% to about 80%. 

[0070] In another aspect, a method of producing a engi 
neered fuel feed stock is described, the method comprising: 

[0071] a) receiving a plurality of MSW Waste streams; 
[0072] b) selecting for the engineered fuel feed stock 

chemical molecular characteristics comprising a carbon 
content of betWeen about 30% and about 80%, a hydro 
gen content of betWeen about 3% and about 10%, a 
moisture content of betWeen about 10% and about 30%, 
an ash content of less than 10%, and a sulfur content of 
less than 2%; 

[0073] c) inventorying the components of the plurality of 
MSW Waste streams based on the chemical molecular 
characteristics of the components; 

[0074] d) comparing the chemical molecular character 
istics of the inventoried components of the plurality of 
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MSW Waste streams of step c) With the selected chemi 
cal molecular characteristics of step b); and 

[0075] e) optionally adding additional fuel components 
With the required chemical molecular characteristics to 
inventoried components of step c) to meet the desired 
chemical molecular characteristics of step b) for the 
engineered fuel feed stock. In some embodiments, the 
engineered fuel feed stock of steps c) or e) is mixed. In 
some embodiments, the engineered fuel feed stock of 
steps c) or e) is reduced in siZe. In some embodiments, 
the engineered fuel feed stock of steps c) or e) are den 
si?ed. In some embodiments, the siZe-reduced engi 
neered fuel feed stock of steps c) or e) are densi?ed. In 
some embodiments, the engineered fuel feed stock is 
densi?ed to about 10 lbs/ft3 to about 75 lbs/ft3 . 

[0076] In some embodiments, the engineered fuel feed 
stock is densi?ed to form a briquette. In other embodiments, 
the engineered fuel feed stock is densi?ed to form of a pellet. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0077] The present invention is illustrated by the embodi 
ments shoWn in the draWings, in Which: 
[0078] FIG. 1 shoWs commonly available feed stock mate 
rials, such as, for example, coal, FOGs, Wood, sludge, black 
liquor, rubber and MSW streams, positioned in terms of their 
hydrogen content to carbon content ratio (H/C) (lb/lb) and 
oxygen content to carbon content (O/C) (lb/ lb) ratio. 
[0079] FIG. 2 shoWs some novel engineered fuel feed 
stocks produced by selecting knoWn engineered fuel feed 
stocks Within the dotted line and directly mixing the selected 
feed stocks, and in some cases increasing or decreasing the 
moisture content. 
[0080] FIG. 3 shoWs a schematic With direct combustion of 
feed stock. 
[0081] FIG. 4 shoWs a schematic With direct combustion of 
Wet feed stock, Without reducing its moisture content. 
[0082] FIG. 5 shoWs the predicted effect of moisture on 
gasi?cation temperature, carbon conversion and H2+CO pro 
duction rate for a typical coal feed stock at a constant air 

equivalence (ER) ratio (ER:0.34). 
[0083] FIG. 6 shoWs the predicted variation of syngas com 
positions With feed stocks of different moisture contents for a 
typical Wood feed stock at 8000 C. 
[0084] FIG. 7 shoWs the predicted effect of fuel moisture 
content on carbon conversion, cold gas ef?ciency and CO+H2 
production rate for a typical coal feed stock at 8500 C. 
[0085] FIG. 8 shoWs the predicted effect of fuel moisture 
content on carbon conversion, cold gas ef?ciency and CO+H2 
production rate for pure carbon at 10000 C. 
[0086] FIG. 9 shoWs the predicted total and external Water 
supply required to produce a syngas of H2/CO:2.0 at 8500 C. 
for a typical Wood feed stock. 
[0087] FIG. 10 shoWs the predicted CO+H2 production 
rate, cold gas e?iciency and H2/CO ratio at 8500 C. and an 
ER:0.30 for a typical Wood feed stock. 
[0088] FIG. 11 provides a graphical representation of eq. 2 
shoWing the Weight fraction of various products as a function 
of the chain groWth parameter 0t. 
[0089] FIG. 12 provides predicted C/H and C/O ratios 
needed in feed stock for the production of syngas With vary 
ing H2/CO ratios. 
[0090] FIG. 13 provides a graph shoWing cylindrical diam 
eter plotted against the sphericity, the cylindrical length and 
speci?c area. 
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[0091] FIG. 14 provides a graph of feed stock containing 
different carbon and hydrogen contents and their predicted 
production of CO and H2 during air gasi?cation. 
[0092] FIG. 15 provides a graph of feed stock containing 
different carbon and hydrogen contents and their predicted 
production of CO and H2 during air/ steam gasi?cation. 

DETAILED DESCRIPTION OF THE INVENTION 

[0093] Novel engineered fuel feed stocks are provided that 
comprise at least one Waste stream component derived from 
MSW, such as recycling residue Which is the non-recoverable 
portion of recyclable materials, and Which are engineered to 
have predetermined chemical molecular characteristics. 
These feed stocks can possess the chemical molecular char 
acteristics of biomass fuels such as, for example, Wood and 
sWitch grass, and, can also have the positive characteristics of 
high BTU containing fuels such as, for example, coal, Without 
the negative attributes of coal such as deleterious sulfur emis 
sions. Also described are novel engineered fuel feed stocks 
that comprise chemical molecular characteristics not 
observed in natural fuels such as, for example, biomass, coal, 
or petroleum fuels. These novel fuels contain, for example, 
unique ratios of carbon, hydrogen, sulfur, and ash, such that, 
When compared to knoWn fuels, they provide a different com 
bustion or gasi?cation pro?le. Since these novel feed stocks 
have different combustion or gasi?cation pro?les, they pro 
vide novcl fuels for many different types of combustors and 
gasi?ers Which, While functioning adequately due to the uni 
formity of the natural fuel, do not function optimally due to 
the less than optimiZed chemical molecular characteristics of 
natural fuels. Engineered fuel feed stocks such as those useful 
for the production of thermal energy, poWer, biofuels, petro 
leum, and chemicals can be engineered and synthesiZed 
according to the methods disclosed herein. 
[0094] Highly variable and heterogeneous streams of Waste 
can noW be processed in a controlled manner and a plurality 
of the resulting components therefrom recombined into an 
engineered fuel feed stock Which behaves as a constant and 
homogeneous fuel for use in subsequent conversion pro 
cesses. Included among these processes are pyrolysis, gasi? 
cation and combustion. The engineered fuel feed stock can be 
used alone to produce thermal energy, poWer, biofuels, or 
chemicals, or it can be used as a supplement along With other 
fuels for these and other purposes. Methods and processes for 
engineering homogeneous engineered fuel feed stock from 
naturally heterogeneous and variable Waste streams Which 
possess a variety of optimal physical and chemical character 
istics for different conversion processes are described, as Well 
as different feed stocks themselves. 
[0095] Chemical properties can be engineered into the 
resulting engineered fuel feed stocks based on the type of 
conversion process for Which the fuel Will be used. Feed 
stocks can be engineered for use as fuels including synthetic 
fuels, high BTU containing fuels (HHV fuels) and fuels use 
ful to produce high quality syngas, among other types of 
useful fuels. For example, engineered fuels can be designed to 
have the same or similar chemical molecular compositions as 
knoWn solid fuels, such as, for example, Wood, coal, coke, etc. 
and function as a substitute for, or supplemental to, fuel for 
combustion and gasi?cation. Other fuels can be designed and 
synthesiZed Which have chemical molecular characteristics 
that are different than naturally occurring fuel. For example, 
High BTU Fuels can be designed to have the highest possible 
heat content With a tolerable ash content in order to prevent 
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slagging. These fuels have comparable energy density (such 
as carbon content, hydrogen content) as coal, but Without the 
problems of slagging, fusion and sulfur pollution (ash con 
tent, sulfur content, and chlorine content) and can serve as a 
substitute for coal, or a supplement to coal. Fuels can be 
designed to produce high quality syngas by optimiZing, for 
example, the content of C, H, O, moisture, and ash in the 
engineered fuel feed stock. Such fuels produce high quality 
syngas in terms of, for example, syngas caloric value, H2/CO 
ratios, and amounts of CO, H2, CO2, and CH4. These fuels 
that produce high quality syngas enable the stable operation 
of gasi?ers due to no, or minimal, slag formation and the 
loWest tar formation (at the appropriate gasi?er tempera 
tures). Thermal conversion devices are described in the art 
Which are designed to suit speci?c fuels found in the nature 
and in these cases operational problems often occur or modi 
?cations are needed to the devices When fuels other than the 
designed for fuels are co-?red. The present invention pro 
vides for an optimal fuel to be engineered that Will best suit 
knoWn thermal conversion devices and no modi?cations to 
the device Will be needed. 
[0096] The engineered fuel feed stock described herein 
provides an ef?cient Way to moderate the operating condi 
tions of thermal conversion devices such as for example by 
loWer the operating temperature, by reducing the need for 
oxygen supply or steam supply, by alloWing for the relaxing 
of emission controls. The methods described herein provide a 
poWerful means for upgrading loW-grade fuels such as 
sludge, yardWastes, food Wastes and the like to be trans 
formed into a high quality fuel. 
[0097] The folloWing speci?cation describes the invention 
in greater detail. 

DEFINITIONS 

[0098] The term “air equivalence ratio” (ER) means the 
ratio of the amount of air supplied to the gasi?er divided by 
the amount of air required for complete fuel combustion. Air 
equivalence ratio, “ER,” can be represented by the folloWing 
equation: 

Air supplied to the gasifier 
ER : A1r required for complete fuel combustion 

[0099] The term “British Thermal Unit” (BTU) means the 
amount of heat energy needed to raise the temperature of one 
pound of Water by one degree F. 
[01 00] The term “carbon boundary” means the temperature 
obtained When exactly enough oxygen is added to achieve 
complete gasi?cation, or carbon conversion. Above this tem 
perature there is no solid carbon present. 
[0101] The term “carbon content” means all carbon con 
tained in the ?xed carbon (see de?nition beloW) as Well as in 
all the volatile matters in the feed stock. 
[0102] The term “carbon conversion” means to convert 
solid carbon in fuel feed stock into carbon-containing gases, 
such as CO, CO2 and CH4 in most gasi?cation operations 
[0103] The term “commercial Waste” means solid Waste 
generated by stores, o?ices, restaurants, Warehouses, and 
other non-manufacturing, non-processing activities. Com 
mercial Waste does not include household, process, industrial 
or special Wastes. 
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[0104] The term “construction and demolition debris” 
(C&D) means uncontaminated solid Waste resulting from the 
construction, remodeling, repair and demolition of utilities, 
structures and roads; and uncontaminated solid Waste result 
ing from land clearing. Such Waste includes, but is not limited 
to bricks, concrete and other masonry materials, soil, rock, 
Wood (including painted, treated and coated Wood and Wood 
products), land clearing debris, Wall coverings, plaster, dry 
Wall, plumbing ?xtures, nonasbestos insulation, roo?ng 
shingles and other roof coverings, asphaltic pavement, glass, 
plastics that are not sealed in a manner that conceals other 
Wastes, empty buckets ten gallons or less in siZe and having no 
more than one inch of residue remaining on the bottom, 
electrical Wiring and components containing no haZardous 
liquids, and pipe and metals that are incidental to any of the 
above. Solid Waste that is not C&D debris (even if resulting 
from the construction, remodeling, repair and demolition of 
utilities, structures and roads and land clearing) includes, but 
is not limited to asbestos Waste, garbage, corrugated con 
tainer board, electrical ?xtures containing haZardous liquids 
such as ?uorescent light ballasts or transformers, ?uorescent 
lights, carpeting, furniture, appliances, tires, drums, contain 
ers greater than ten gallons in siZe, any containers having 
more than one inch of residue remaining on the bottom and 
fuel tanks. Speci?cally excluded from the de?nition of con 
struction and demolition debris is solid Waste (including What 
otherWise Would be construction and demolition debris) 
resulting from any processing technique, that renders indi 
vidual Waste components unrecognizable, such as pulveriZ 
ing or shredding. 
[0105] The term “devolatiZation” means a process that 
removes the volatile material in a engineered fuel feed stock 
thus increasing the relative amount of carbon in the engi 
neered fuel feed stock. 
[0106] The term “?xed carbon” is the balance of material 
after moisture, ash, volatile mater determined by proximate 
analysis. 
[0107] The term “garbage” means putrescible solid Waste 
including animal and vegetable Waste resulting from the han 
dling, storage, sale, preparation, cooking or serving of foods. 
Garbage originates primarily in home kitchens, stores, mar 
kets, restaurants and other places Where food is stored, pre 
pared or served. 
[0108] The term “gasi?cation” means a technology that 
uses a noncombustion thermal process to convert solid Waste 
to a clean burning fuel for the purpose of generating for 
example, electricity, liquid fuels, and diesel distillates. Non 
combustion means the use of no air or oxygen or substoichio 

metric amounts of oxygen in the thermal process. 
[0109] The term “haZardous Waste” means solid Waste that 
exhibits one of the four characteristics of a haZardous Waste 
(reactivity, corrosivity, ignitability, and/ or toxicity) or is spe 
ci?cally designated as such by the Environmental Protection 
Agency (EPA) as speci?ed in 40 CFR part 262. 
[0110] The term “Heating Value” is de?ned as the amount 
of energy released When a fuel is burned completely in a 
steady-?ow process and the products are returned to the state 
of the reactants. The heating value is dependent on the phase 
of Water in the combustion products. If H2O is in liquid form, 
heating value is called HHV (Higher Heating Value). When 
H2O is in vapor form, heating value is called LHV (LoWer 
Heating Value). 
[0111] The term “higher heating value” (HHV) means the 
caloric value released With complete fuel combustion With 
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product Water in liquid state. On a moisture free basis, the 
HHV of any fuel can be calculated using the folloWing equa 
tion: 

Wherein C, H, S, A, O and N are carbon content, hydrogen 
content, sulfur content, ash content, oxygen content and nitro 
gen content, respectively, all in Weight percentage. 
[0112] The term “municipal solid Waste” (MSW) means 
solid Waste generated at residences, commercial or industrial 
establishments, and institutions, and includes all processable 
Wastes along With all components of construction and demo 
lition debris that are processable, but excluding haZardous 
Waste, automobile scrap and other motor vehicle Waste, infec 
tious Waste, asbestos Waste, contaminated soil and other 
absorbent media and ash other than ash from household 
stoves. Used tires are excluded from the de?nition of MSW. 
Components of municipal solid Waste include Without limi 
tation plastics, ?bers, paper, yard Waste, rubber, leather, 
Wood, and also recycling residue, a residual component con 
taining the non-recoverable portion of recyclable materials 
remaining after municipal solid Waste has been processed 
With a plurality of components being sorted from the munici 
pal solid Waste. 
[0113] The term “nonprocessable Waste” (also knoWn as 
noncombustible Waste) means Waste that does not readily 
gasify in gasi?cation systems and does not give off any mean 
ingful contribution of carbon or hydrogen into the synthesis 
gas generated during gasi?cation. Nonprocessable Wastes 
include but are not limited to: batteries, such as dry cell 
batteries, mercury batteries and vehicle batteries; refrigera 
tors; stoves; freeZers; Washers; dryers; bedsprings; vehicle 
frame parts; crankcases; transmissions; engines; laWn moW 
ers; snoW bloWers; bicycles; ?le cabinets; air conditioners; 
hot Water heaters; Water storage tanks; Water softeners; fur 
naces; oil storage tanks; metal furniture; propane tanks; and 
yard Waste. 
[0114] The term “processed MSW Waste stream” means 
that MSW has been processed at, for example, a materials 
recovery facility, by having been sorted according to types of 
MSW components. Types of MSW components include, but 
are not limited to, plastics, ?bers, paper, yard Waste, rubber, 
leather, Wood, and also recycling residue, a residual compo 
nent containing the non-recoverable portion of recyclable 
materials remaining after municipal solid Waste has been 
processed With a plurality of components being sorted from 
the municipal solid Waste. Processed MSW contains substan 
tially no glass, metals, grit, or non-combustibles. Grit 
includes dirt, dust, granular Wastes such as coffee grounds 
and sand, and as such the processed MSW contains substan 
tially no coffee grounds. 
[0115] The term “processable Waste” means Wastes that 
readily gasify in gasi?cation systems and give off meaningful 
contribution of carbon or hydrogen into the synthesis gas 
generated during gasi?cation. Processable Waste includes, 
but is not limited to, neWspaper, junk mail, corrugated card 
board, of?ce paper, magaZines, books, paperboard, other 
paper, rubber, textiles, and leather from residential, commer 
cial, and institutional sources only, Wood, food Wastes, and 
other combustible portions of the MSW stream. 

[0116] The term “pyrolysis” means a process using applied 
heat in an oxygen-de?cient or oxygen-free environment for 
chemical decomposition of solid Waste. 










































