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(57) ABSTRACT 

A method and apparatus for efficiently generating biogas 
from feedstocks composed of 10 to 100 percent biodegrad 
able solids including carbohydrates, starches and/or sugars, 
for a variety of uses including the creation of electricity. The 
apparatus includes a thermophilic digester and a mesophilic 
digester used in series, in communication With a feedstock 
supply system. The digesters may be established as a stand 
alone system or made part of a WasteWater treatment facility. 
By carefully metering the specialized feedstocks into and 
betWeen the digesters, maximum production of biogas can 
be achieved. The biogas may then be burned as part of an 
electricity generating process, or stored for later use. 
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PROCESS AND APPARATUS FOR CONVERSION 
OF BIODEGRADABLE ORGANIC MATERIALS 

INTO PRODUCT GAS 

[0001] This application claims the bene?t of prior US. 
application Ser. No. 09/709,025 ?led on Nov. 8, 2000. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] This invention relates to the production of methane 
and other combustible gasses useful for generating poWer by 
converting non-toxic biodegradable organic materials and 
high solids such as sugar, starch and/or carbohydrates into a 
product gas. The gas is composed primarily of methane, 
carbon dioxide and hydrogen. PoWer may be produced by 
further burning the gas in a boiler or other suitable engine or 
generator to create electricity. The electricity may be used 
for operation of the gas-production plant itself, and any 
excess electricity made available for sale to others Where it 
may be used in engines, cars, trucks, busses, etc. The gas 
may also be used as fuel for gas ?red engine generators for 
peaker plants. Alternatively, the gas may be scrubbed and 
sold as clean gas to offset the use of natural gas. 

[0004] 2. Description of the Prior Art 

[0005] The production of methane and other usable bio 
gases by anaerobic digestion of various organic Wastes, 
particularly seWage sludge organic Waste, is Well knoWn. 
The organic feed mixture Which provides the substrate for 
anaerobic biodegradation may comprise a Wide variety of 
organic carbon sources. Many digester designs, feed stocks, 
mixtures and additives have been proposed to increase the 
methane yield and to provide greater conversion ef?ciency 
of organic materials to useful products. 

[0006] The production of biogas Was discovered in the 
seventeenth century. Today, biogases such as methane are 
commonly produced at municipal WasteWater treatment 
facilities in a controlled environment using anaerobic digest 
ers. Most of these digesters are completely mixed digesters. 
Treatment of WasteWater in municipal facilities is very 
expensive, and the cost is covered by charging a fee to 
residents or businesses for disposing off their Waste in the 
seWer. Anaerobic treatment requires substantial quantities of 
heat, but this heat may be compensated for by the methane 
gas produced. There are many variations of anaerobic diges 
tion that are very successful and very basic. The conversion 
of organic materials into biogas is performed by the micro 
organisms in the digester. These microorganisms do the 
Work so long as the organic content and temperature of the 
digester are maintained Within certain ranges. 

[0007] Anaerobic ?lter-type reactors promote the reten 
tion of bacteria in the digester by attaching bacteria to ?xed 
inert materials in the digester. Anaerobic ?lter-type digesters 
are also limited to primarily liquid feedstocks containing 
less than about 1 percent (1%) solids since they become 
plugged When solids concentration in the digester increases 
due to higher solids loading or accumulation of solids over 
longer periods of operation. 

[0008] HoriZontal plug ?oW digester designs have been 
implemented, but horiZontal plug ?oW reactors are limited to 
use of homogeneous solids feed materials (such as manure), 
Which do not tend to settle by gravity. The horiZontal plug 
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How reactor design encourages rapid disengagement of gas 
from the liquid phase. HoriZontal plug ?oW reactors gener 
ally have poor conversion ef?ciencies of the biodegradable 
fraction, on the order of about 40 to 60 percent due to 
biologically unreactive Zones Within the digester, short cir 
cuiting of the feed material, and bacterial Washout. 

[0009] Anaerobic digestion of terrestrial plant material to 
produce methane gas been recogniZed as exempli?ed by D. 
L. Klass and S. Ghosh, “Methane Production by Anaerobic 
Digestion of Bermuda Grass,” presented at Symposium on 
Biomass as a Non-Fossil Fuel Source, ACS/Chem. Soc. of 
Japan Joint Chemical Congress, Honolulu, HaWaii,Apr. 1-6, 
1979. Likewise, the anaerobic digestion of aquatic plant 
material to produce methane has been recogniZed as exem 
pli?ed by R. P. Lecuier and J. H. Marten, “An Economic 
Assessment of Fuel Gas from Water Hyacinths,” Sympo 
sium papers, Clean Fuels from Biomass, SeWage, Urban 
Refuse, Agricultural Wastes, Orlando, Fla., Jan. 27-30, 
1976. 

[0010] US. Pat. No. 4,329,428 teaches production of 
methane gas in higher yields and at higher rates by thermo 
philic and mesophilic anaerobic digestion of a mixture of 
plant material of terrestrial or aquatic origin and organic 
Waste. US. Pat. No. 4,424,064 teaches production of meth 
ane gas With higher yields and at higher rates by thermo 
philic or mesophilic anaerobic digestion of aquatic plant 
material, at least a portion or all of Which has been groWn in 
organically polluted Water. US. Pat. No. 4,316,961 teaches 
higher yields of methane gas at higher rates by thermophilic 
or mesophilic anaerobic digestion of plant material and/or 
organic Waste of normally loW biodegradability in the pres 
ence of an extract of different plant material. 

[0011] An Up?oW Anaerobic Sludge Blanket (UASB) 
process has been developed for bioconversion of feedstocks 
Which contain primarily soluble organic Waste Wherein 
small amounts of solids, ordinarily less than 1 percent of the 
feedstock. The bacterial mass are alloWed to settle in the 
reactor. The Up?oW Anaerobic Sludge Blanket process and 
reactor are described in the folloWing publications: G. 
Lettinga, et al, “Anaerobic Treatment of Methanolic 
Wastes,” Water Research, Vol. 33, pp. 725-737, Pergamon 
Press Ltd. 1979; and G. Lettinga, et al, “Up?oW Sludge 
Blanket Processes,” 3rd International Symposium on 
Anaerobic Digestion, 1983, Cambridge Mass.; and G. Let 
tinga, et al, “Anaerobic Treatment of RaW Domestic SeW 
age” at Ambient Temperatures Using a Granular Bed .UASB 
Reactor, Biotechnology and Bioengineering, Vol. XXV, pp. 
1701-1723, 1983. This reactor design is limited to liquid 
feedstocks containing less than about 1 percent solids, and 
it requires effective gas/liquid separators, recycle for bed 
expansion, and means for distributing the feed over the 
bottom of the reactor. 

[0012] Continuous ?oW ?uidiZed bed fermenters embody 
ing a toWer design or a supported ?lm reactor are described 
in G. F. AndreWs, “FluidiZed-Bed Fermenters: A Steady 
State Analysis,” Biotechnology and Bioengineering, Vol. 
XXIV, pp. 2013-2030, 1982. This article teaches that strati 
?cation tends to occur in toWer fermenters, and solids 
concentration varies along the height of the toWer fermenter, 
With a loW cell concentration in the upper parts of the toWer 
fermenter leading to a loW volumetric productivity. 

[0013] US. Pat. No. 4,208,279 teaches anaerobic diges 
tion of animal Waste Which is fed to the top and one end of 
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an unstirred digestion volume Which is about ?ve times as 
Wide as it is high. Effluent sludge is removed at the opposite 
end of the reactor. Solids movement in the digester is 
essentially horiZontal and the liquid volume is not agitated, 
except by gas formation. Suitable solids residence times are 
one month and over, and the solids feed concentration is 
about 5 percent. 

[0014] US. Pat. No. 4,311,593 teaches anaerobic diges 
tion of Waste Water in a digester volume Which is about four 
times as Wide as it is high. Microorganisms are stabiliZed on 
high surface area media. Agitation of the microorganism 
biomass on the media is provided by gas formation bubbling 
up through the reactor liquid. US. Pat. No. 4,388,186 
teaches mechanical condensation of sludge prior to anaero 
bic digestion of sludge in a vertically elongated, stirred 
digester tank. The ’186 patent also teaches conducting an 
acid fermentation stage and an acid regression stage sepa 
rately prior to carrying put an alkaline fermentation stage in 
the elongated, stirred digester tank. US. Pat. No. 1,806,698 
teaches a sludge digester Wherein solids collect at the 
bottom. Supernatant liquid accumulating in the upper por 
tion of the digester is recycled to the surface of the digester 
contents to reduce foam scum. US. Pat. No. 1,880,773 also 
teaches anaerobic digestion of seWage sludge in a digester 
Wherein solids settle to the bottom of the tank. Liquid 
supernatant from the upper portion of the digester is recir 
culated to prevent the accumulation of scum or foam at the 
top surface of the digester contents. 

SUMMARY OF THE INVENTION 

[0015] The present invention provides both a process and 
apparatus for supplying one or more digesters With an 
appropriate feedstock for the production of usable biogas. 
The feedstock is a sugar, starch and/or other appropriate 
carbohydrate material (hereafter “feedstock”) Which is 10 to 
100 percent (10-100%) biodegradable solids, and may be 
provided either as entirely neW feedstock, or in combination 
With a Waste stream. The invention uses a feedstock With a 

high percentage of solids in Which ninety-?ve percent (95 %) 
or more of the solids are biodegradable and converted into 
biogas. Pure sugar is an excellent feedstock as it contains 
over ninety-nine percent (99+%) solids and is ninety-nine 
percent (99+%) biodegradable. Beet molasses has a sugar 
base of betWeen about forty-?ve percent (45%) and about 
forty-seven percent (47%). Such molasses Will convert 
about ninety-?ve percent (95%) by Weight of its sugar to 
biogas. Ninety-?ve percent (95%) of starch by Weight Will 
be converted to biogas. The balance of the sugar, starch or 
carbohydrate feedstock is mostly Water. 

[0016] Other available feedstocks include Without limita 
tion such materials as starches, high sugars (a.k.a., polysac 
charides), beet sugar, sugar beet molasses, sugar beet syrup, 
sugar beet juice, sugar cane molasses, cane sugar, sugar cane 
syrup, sugar cane juice, corn syrup, glucose, cereal grains, 
corn ?our, Wheat ?our, rice ?our, potato juice, potato pulp, 
soybean sorghums, and other similar materials, and/or com 
binations thereof Which are all feedstocks having 10 to 100 
percent (10-100%) biodegradable solids. The pure sugar 
example above Will convert the solids to 100% biogas. 

[0017] It is an object of this invention With its process 
using anaerobic digesters Will have extremely small amount 
of liquid Waste to dispose of When not used With a Waste 
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Water treatment plant. This process converts 98 to 100 
percent of its feedstock into product gas, Which is a main 
object to this invention. 

[0018] The present invention provides for the injection of 
large amounts of non toxic feedstock to provide uniformly 
high rates of bioconversion and increased process stability 
and pro?tability. Increased anaerobic digestion system sta 
bility results in production of higher quality product gas 
having a higher methane content, and more efficient utili 
Zation of feedstock. Valves and/or pumps utiliZed in the 
practice of the present invention are located externally of the 
digester contents, and may be replaced if needed, requiring 
little or no digester doWntime. The present invention pro 
vides substantially complete bioconversion of biodegradable 
components of feedstocks and a higher bioconversion of 
WasteWater biosolids in standard municipal WasteWater 
treatment plants due to the extremely high concentration of 
thermophilic microorganisms and methanogenic organisms 
that are developed and retained in the digesters. The present 
invention provides substantially complete bioconversion of 
biodegradable components of feedstocks at enhanced bio 
conversion rates. 

[0019] The process of the present invention includes the 
basic steps of determining the appropriate feedstock(s) to be 
used, supplying one or more such feedstocks to at least one 
digester either as entirely neW feedstock or mixed With 
Waste Water to form an input stream, and recirculating the 
stream through a thermophilic anaerobic digester and then a 
mesophilic anaerobic digester operated in a series. The 
content of the input stream as Well as the temperature of each 
of the digesters must be carefully established and monitored 
during the conversion process. The process may include the 
additional steps of preheating the input stream (particularly 
When entirely neW feedstock is used), and scrubbing the 
biogas produced from the reaction for more re?ned uses. 

[0020] The process Will be able to Work a single digester 
or a series of several digesters of the complete mixed 
digesters type. The process and apparatus Work in a variety 
of shaped tanks. The inside of the digester tanks contain no 
moving parts. The anaerobic digestion process and appara 
tus of the present invention alloW tWo to ten times greater 
solid loads than conventionally used continuously stirred 
tank digesters, thus providing loWer digestion volume 
requirements per pound of solids converted to useful gas. 
Conventional stirred tank digesters operating under meso 
philic condition accommodate solids loading of about 0.05 
to about 0.1 lbs. organic matter/ft3/day. The solids concen 
trating thermophilic anaerobic digestion process and appa 
ratus of the present invention operates a much higher solids 
loading in excess of 3.0 lbs. organic matter/ft3/day under 
loading of sugar, starch or carbohydrates. The less sludge 
entering the digester the more sugar that may be applied and 
the more gas produced. The advantage of sugar-fed anaero 
bic digesters is the temperature, Which Will be controlled at 
70° C. or higher When used With municipal seWage Waste 
Water treatment plants, and Will retain greater system sta 
bility. The hydrolysis fermentation microbial population is 
relatively resistant to contaminants and toxic components 
While the methane-producing microorganisms have a loWer 
resistance to toxic components. 

[0021] The apparatus includes at least one, but preferably 
tWo, anaerobic digesters operated in series, an appropriate 
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feedstock collection and conveyance system such as a drop 
tank or the like, piping, tubing, valves, temperature controls, 
heaters and scrubbers. In particular, the apparatus includes 
piping and holding tanks for injecting metered, controlled 
feedstocks such as sugar beet molasses or sugar cane molas 
ses into the mixing line of the thermophilic digester so that 
the input comes out at the top liquid level in the thermophilic 
digester and mesophilic digester. The apparatus reduces or 
eliminates scum formation by recycling a portion of the 
digester contents continually and returning the contents to 
the top of the liquid level of the digester. 

[0022] In particular, the mixing/recirculating line of the 
digester has an external pump that draWs the slurry from the 
bottom of the digester and pumps the slurry to the top of the 
slurry level of the digester near the top, this pumping method 
makes the digester completely miXed at all times. NeW 
feedstock having a suspended solids concentration of 
betWeen about 10 to 100 percent biodegradable solids is 
introduced into the recirculating miXing line, and is diluted 
immediately With the digesters slurry and enters the digester 
at the top. Normal WasteWater treatment plants have very 
loW solids coming into the plant. The primary and secondary 
sludge is controlled as to the desired solids content of the 
digester. Said control of desired solids alloWs the operator to 
add an appropriate amount of sugar, starch and/or carbohy 
drate feedstock in order to create very active thermophilic 
and mesophilic digesters. 

[0023] At least tWo very different systems are provided by 
the present invention. The ?rst is a stand-alone system for 
production of biogas that utiliZes an input stream containing 
a carefully selected and closely monitored feedstock miXed 
only With Water and/or the eXisting digester slurry. The 
second is an add-on (retro?t) system to an eXisting Waste 
stream (such as is found in a municipal Waste Water treat 
ment facility) for improving the quality of the eXisting Waste 
stream for better production of biogas and higher percentage 
of conversion of biodegradable solids in the Waste stream. 

[0024] The primary object of this invention is to ef?ciently 
create the maXimum amount of biogas for the least amount 
of cost. 

[0025] The ?rst aspect of the invention is the stand-alone 
system Which utiliZes both a thermophilic anaerobic digester 
and a mesophilic anaerobic digester that operate With a 
controlled feedstock of 10% to 100% organic biodegradable 
solids. The feedstock must be highly biodegradable and use 
only enough Water to form a slurry for miXing purposes. The 
stand-alone system does not use any Waste products nor is it 
used in conjunction With any WasteWater or seWage treat 
ment plant of any kind. The digesters in the system each 
have an active, producing microbial anaerobic digestion 
population comprising hydrolysis fermentation organisms 
suspended in liquid. In the stand-alone system, the feedstock 
may be sugar, starch, carbohydrates, or any combination of 
them, and should preferably contain betWeen ninety and one 
hundred percent (90%-100%) solids that are substantially 
fully biodegradable (i.e. approaching ninety-nine percent 
99% biodegradable). Once the digesters are started, the 
feedstock is miXed and then carefully introduced into the 
digesters in series Where it is digested and becomes biogas. 

[0026] The stand-alone system provides virtually com 
plete (i.e. approaching 100%) bioconversion of biodegrad 
able solids. As a result, some non-contaminated Water added 
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to dilute the feedstock must be used to keep the digester at 
an acceptable level for the process to continue. The biogas 
produced is Wet as it rises and is draWn off the top of the 
inside of each digester. Because the stand-alone system uses 
non-toxic, organic, highly biodegradable feedstock With loW 
Water content, there is little, if any, Washout of feedstocks 
and microorganisms, thus resulting in increased conversion 
ef?ciency and more stable digester condition. 

[0027] It is therefore an important object of the stand 
alone system to create very little effluent to dispose of, make 
higher biogas production and have no biosolids to dispose. 

[0028] It is also an important object of the stand-alone 
system to provide unlimited retention time as the feedstock 
stays in each digester until it comes out as biogas. 

[0029] It is also an object of the stand-alone system to 
provide a process and apparatus for anaerobic digestion of 
feedstocks of sugar, starch and carbohydrates in a totally 
neWly constructed, free standing facility built for the sole 
purpose of creating biogas from a reneWable product and not 
using a Waste product or being used in conjunction With a 
Waste Water treatment plant receiving seWage from a city. 

[0030] It is an object of the stand-alone system to use dry 
feedstocks such as sugar, starches and carbohydrates that 
Will be miXed With either non-contaminated Water or 
digester liquid to create a slurry needed for ease of pumping. 

[0031] It is an object of the stand-alone system to avoid the 
need for higher temperatures otherWise necessary to pas 
teuriZe the pathogens and other contaminants found in a 
Waste stream. In a stand-alone digester/biogas plant, after all 
of the solids have been converted to gas there Will be little 
if any remaining Waste to dispose of. 

[0032] In another aspect of the invention, an appropriately 
selected feedstock concentration is miXed With a Waste 
stream and then introduced into the digester(s) for conver 
sion into biogas. Combining the system With a municipal or 
other Waste Water treatment facility Will help to create a high 
volume of biogas Which is pro?table to sell, While also 
helping the facility to attain the Class Abiosolids 40 C.F.R. 
Part 503 Standard by pasteuriZing seWage sludge. 

[0033] One of the main costs in producing methane gas is 
the cost of building the digester. In the case of municipal 
WasteWater treatment plants, many thousands of sites the 
World over are eXisting, and have been built at a cost of 
hundreds of thousands and many in the hundreds of millions 
of dollars. With the treatment plants in place and no dollar 
return ever, all are non-pro?t due to the fact that they Were 
never built to create an income. They Were built solely to 
treat WasteWater for the safety of the environment. With the 
process and apparatus of this invention, the digesters Will 
produce very large amounts of methane, Which Will return a 
pro?t on additional money invested. The gas produced can 
be used in many Ways. The gas can be used straight as biogas 
in the boiler for steam or electric cogeneration. Scrubbing 
the biogas to clean methane gas and pressuriZing the clean 
gas and pumping to storage tanks alloWs for sales to the 
public in place of natural gas. 
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[0034] It is an object of the process and apparatus of the 
present invention to create an economical and pro?table 
anaerobic digester from very large amounts of gas generated 
by the controlled feeding of a non-toxic biodegradable sugar 
or starch feedstock such as starches, high sugars, (a.k.a., 
polysaccharides), beet sugar, sugar beet molasses, sugar beet 
syrup, sugar beet juice, sugar cane molasses, cane sugar, 
sugar cane syrup, sugar cane juice, corn syrup, glucose, the 
starch group of cereal grains, oat ?our, rice ?our, corn ?our, 
Wheat ?our, potato juice, potato pulp, sorghum, and other 
similar materials, and/or combinations thereof, all of Which 
are hereinafter referred to as “feedstocks”. 

[0035] It is an object of this invention to enhance existing 
municipal WasteWater seWage treatment plants and digesters 
and to provide substantially complete bioconversion of 
biodegradable components of biomass and organic Waste 
materials to usable product gas. 

[0036] It is an object of this invention to be able to add this 
process to any existing municipal WasteWater treatment 
plant or other similar facility, and to create a return on the 
investment therein resulting from the cost of such things as 
tanks, pumps, compressors and feedstock required by the 
addition. 

[0037] It is an object of this invention to aid municipal 
WasteWater treatment plants in meeting the fecal coliform 
requirements of the recent 40 C.F.R. Part 503 Standards for 
ClassAbiosolids through the pasteuriZation capability of the 
thermophilic digester. 

[0038] It is an object of the present invention to produce 
all the electric and gas needs of the treatment plant and have 
excess poWer and gas to sell to outside markets. 

[0039] It is an object of the present invention to teach 
municipal WasteWater treatment plants hoW to produce 
methane gas in higher yields and at higher rates by thermo 
philic and mesophilic anaerobic digestion by adding extra 
feedstock, such as sugars, starches and carbohydrates, in 
existing treatment plant digesters. 

[0040] It is an object of the present invention to teach the 
production of clean burning gas Which is made from reneW 
able non toxic organic materials like corn syrup, corn ?our, 
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Wheat ?our, potatoes, sugar beet syrup, sugar beet molasses, 
sugar cane juice, syrup and molasses. 

[0041] It is an object of the present invention to teach the 
production of clean burning gas Which is made from reneW 
able non toxic organic materials like sugar, starch and 
carbohydrates. 
[0042] It is an object of the present invention to teach the 
use of scrubbing biogas to create a salable gas product (i.e. 
methane) that may be used to operate any existing truck, bus, 
auto or farm engine Which is noW running on natural gas 
With little or no adjustment. 

[0043] It is another object of the present invention to 
utiliZe any unscrubbed biogas by burning it in a gas ?red 
boiler to create the steam needed in the WasteWater treatment 

plant for such diverse uses as heating digesters, molasses 
tanks and pipes; for steam turbines to generate electricity; 
for heat exchangers for the plant use, and/or to generate and 
sell excess poWer to the local poWer company in the area. 

[0044] It is another object of the present invention to 
create a large demand for sugar beet molasses and cane 
molasses or sugar beet juice, cane juice, corn ?our and Wheat 
?our in order to create a larger demand so as to enable the 
farmers to produce and market a larger supply of feedstock. 

[0045] It is an object of the invention to improve most 
WasteWater treatment plants through a tWo-stage digester 
system, one a thermophilic and the other a mesophilic 
digester. 
[0046] It is yet another object of the invention to success 
fully use high solid concentrations of sugar, starch and/or 
carbohydrates in a thermophilic or a mesophilic anaerobic 
digester apart from any WasteWater treatment facility in a 
pro?table manner. 

[0047] It is an object to this invention to use a process of 
high biodegradable solids such as sugar or sugar beet 
molasses and cane molasses and starches. 

[0048] Beet molasses is one example of the type of 
feedstock that is described in this invention. Abrief analysis 
from BSK Analytical Laboratories, Fresno, Calif., of a solid 
sample of beet molasses is shoWn in the folloWing tables: 

TABLE 1 

Analysis of Beet Molasses (solid sample) (sampled 9/1/2000) 

Prep Analysis 
Analyte Method Result Units PQL Dilution DLR Date Date 

BOD SM 5210-B 380000 Mg/Kg 50 1000 50000 09/07/2000 09/12/2000 H 
COD SM 5220-D 690000 Mg/Kg 50 1000 50000 09/07/2000 09/07/2000 
pH - DI EPA 9040 9.1 Std. Unit — 1 N/A 09/07/2000 09/07/2000 

Extract 

Solids SM 2540-B 98 % 0.1 1 0.1 09/08/2000 09/11/2000 
Volatile SM 2540-B 100 % 0.1 1 0.1 09/18/2000 09/20/2000 H 
Solids 

BOD — biochemical oxygen demand 

COD — chemical oxygen demand 

PQL — practical quantitation limit 

DLR — detection limit for reporting: PQL x Dilution 

H — analyzed outside of hold time 
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[0049] 

TABLE 2 

Analysis of Sugar (Solid Sample) (sampled 1/12/2001) 

Prep Analysis 
Analyte Method Result Units PQL Dilution DLR Date Date 

BOD SM 5210-B 520000 Mg/Kg 50 2000 100000 1/12/2001 01/17/2001 
pH- DI EPA 9040 4.7 Std.Unit — 1 N/A 1/15/2001 01/15/2001 
Extract 
Solids SM 2540-B 100 % 0.1 1 0.1 1/16/2001 01/19/2001 
Volatile SM 2540-B 100 % 0.1 1 0.1 1/16/2001 01/19/2001 
Solids 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWINGS 

[0050] These and attributes of the invention will become 
more clear upon a thorough study of the following descrip 
tion of the best mode for carrying out the invention, par 
ticularly when received in conjunction with the drawings, 
wherein: 

[0051] FIG. 1 is a ?ow scheme of a typical prior art 
wastewater plant. 

[0052] FIG. 2 is the ?rst portion of a ?ow scheme accord 
ing to the present invention. 

[0053] FIG. 3 is a side sectional view showing an example 
of the digester/mixing/re-circulating, pipe and scum 
remover of the present invention. 

[0054] FIG. 4 is the second portion of a ?ow scheme 
according the present invention. 

[0055] FIG. 5 is the stand-alone portion of an alternative 
?ow scheme according to the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0056] FIG. 1 is a ?ow scheme according a typical prior 
art wastewater treatment plant. 

[0057] In FIG. 2, the process and apparatus of present 
invention reveals a buried drop tank 10. In this particular 
example, the top of tank 10 is level to the ground surface; 
however, it could be higher or lower. Drop tank 10 is in line 
with a driveway for incoming traffic so that a large vehicle 
8 may drive over tank 10 to drop the incoming feedstock 
(such as sugar cane molasses, sugar beet molasses, and/or 
any new feedstock) that is in slurry form in order to be able 
to be pumped to feed the digesters in order to obtain high 
production of methane gas. The bottom of tank 10 is 
positioned where one end of the tank 10 is lower than the 
other so the feedstock will ?ow to the lower end of tank 10. 
There is an outlet pipe 50 at the lower end of tank 10, and 
a valve 15 connected to pipe 50 to regulate the transfer of 
feedstock out of tank 10. The transfer is accomplished by 
pumping with a viscosity rated pump 90 to the slurry storage 
and mixing feedstock tanks 100 and 105, respectively. 

[0058] Inside of drop tank 10 there is a small pipe 30 
running the entire length of the bottom of the tank. Circu 
lating hot water is constantly provided in pipe 30 to work as 
a heat exchanger to keep the feedstock warm so that it may 

be pumped more easily. The heat exchanger pipe 30 lies on 
the bottom of said drop tank 10 and extends out along the 
transfer pipe 50 into the storage feedstock and mixing tanks 
100 and 105. 

[0059] The feedstock slurry storage tanks 100 and 105 
shown in FIG. 2 are siZed according to the anticipated 
amount of feedstock to be supplied. Separate additional 
tanks 110 and 120 may be provided as storage and as mixing 
tanks for corn ?our, wheat ?our or other dry starch/carbo 
hydrates that would need water to be added to form a slurry 
before pumping into the thermophilic digester 200. The 
feedstock slurry storage tanks 100 and 105 have an outlet 
pipe 55 connected by a valve 58 and a viscosity pump 95 
with a meter 59 to control the ?ow. Heat exchange pipe 30 
extends along pipe 55 to the digesters to keep the feedstock 
warm and ?owing. The amount of feedstock fed into the 
thermophilic digester 200 is regulated using meter 59 in 
order to keep a well-balanced digester. At all times the 
digester needs to have a pH reading of between about 6.7 
and about 7.8, with a pH of about 7 optimum. 

[0060] FIG. 3 is a cut away view of the thermophilic 
digester 200 and the mesophilic digester 300. A gas pipe 60 
is provided at the top of the dome of each digester 200 and 
300. Gas produced inside each digester is piped to one of 
four locations as shown in FIG. 4: to the gas scrubber 500; 
to the cogeneration unit 400; to the steam boiler 350; or as 
a last resort, to ?are pipe 325 which is always burning. 

[0061] The pumps 91 and 92 and valves 41-47 and 48 
(shown in FIG. 3) are placed such that the pumps 91 and 92 
draw off the bottom of digesters 200 and 300, respectively. 
Valves 41 and 42 are used to control whether the input from 
pipe 55 ?ows to the thermophilic digester 200 or the 
mesophilic digester 300. In digester 200, valves 44 and 45 
are used to control the circulation of material in the digester 
using pump 91. By opening valve 45 and 46, material is 
drawn from the bottom of the digester for re-circulation. By 
opening valve 42, fresh feedstock is introduced into digester 
200. The same valve con?guration is used in the mesophilic 
digester 300 using pump 92 and valves 46 and 47. By 
opening valve 41, fresh feedstock is introduced into digester 
300. Valve 48 allows the mesophilic digester 300 to draw 
from the thermophilic digester 200 through pipe 67. By 
adjusting valves 41-48, a host of different mixtures of 
materials are possible. 

[0062] The biodegradable solids that have not yet been 
digested and converted into biogas settle on the bottom of 
the digesters 200 and 300 where the digester liquid and 
heavy solids are settling. The solids and sludge are then 
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draWn from the bottom of each digester through pipe 65 
Where additional sugar/feedstock may be injected through 
valves 41 or 42 using pumps 91 or 92 to mix the feedstock 
and re-circulate it back to the top of the digesters. Pumps 91 
and 92 discharge the liquid sludge at the top of the digesters 
200 and 300. 

[0063] In each digester a funnel shaped outlet 70 is 
provided at the top of the discharge pipe 65, and has a round 
steel plate 71 the same siZe as the perimeter of the top of 
funnel 70. Pipe 60 is attached higher than the funnel to 
prevent any liquid from splashing into the gas vent pipe 60. 
Also, plate 71 acts as a liquid spreader and scum preventer 
as the slurry is spread out evenly across the top of digesters 
200 and 300. The interaction of funnel 70 and plate 71 
discharges the liquid/sludge out in a rapid rolling motion and 
ripples across the top of the digester liquid. In this process 
the How spreads out evenly to the outer Walls of the tanks 
200 and 300 and prevents any scum from being formed. The 
even spread of the re-circulating digester liquid/sludge pro 
motes a very high content of the active producing microbial 
anaerobic digestion population comprising hydrolysis fer 
mentation organisms. Such a high content of organisms also 
has all the available nutrients, and the organic feed, Which 
has a greater chance to digest the biodegradable solids and 
convert them to biogas. 

[0064] The present invention provides an apparatus to 
create a thermophilic anaerobic digester 200 that is a high 
solids fed digester. The solids content in the digester could 
exceed ?fteen percent (15%), With ?ve percent (5%) as 
sludge and the remaining ten percent (10%) coming from the 
non-toxic feedstock of sugar beet molasses, or the like. The 
sludge is a factor that Will be controlled When using this 
invention With a municipal Waste Water system of seWage 
Waste. Effluent coming into the Waste Water seWage systems 
has a solids content of one to tWo percent (1-2%) When ?rst 
coming into the treatment plant, after bar screens, grit tanks, 
clari?ers and thickened secondary sludge, the solids per 
centage becomes much higher. When the Water is sent to 
disposal ponds the heavy sludge is sent to the digester for 
treatment. If, for example, ten percent (10%) by volume of 
sugar feedstock is added in the re-circulating/mixing line 65, 
the digesters population of hydrolyZing anaerobic fermen 
tation organisms are greatly increased due to the added 
feedstock Which becomes 98% to 100% biodegradable in a 
matter of hours, due to the increased number of anaerobes. 
The seWage sludge that is biodegradable Will also be con 
verted to biogas more quickly. 

[0065] In a stand-alone biogas producing plant digester, 
the solids content in the digester could be ?fteen percent of 
solids Which are ninety-eight to one hundred percent bio 
degradable solids, such as pure sugar (100% solids) or cane 
molasses Which is approximately forty-seven percent sugar 
and has approximately ninety-eight percent solids. 

[0066] In a stand-alone biogas plant (Without seWage 
treatment), there is very little effluent to dispose of. All of the 
solids are converted to biogas. Non-contaminated Water or 
Well Water is needed only to dilute the solids being fed into 
the digester. Some of the digester liquid could also be used 
to mix ?rst With the feedstock and then be metered into the 
mixing line 65. The thermophilic anaerobes in the high state 
of digestion Will have a higher count of acid forming 
bacteria and methane producing organisms. As ef?uent 
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substrate concentration increases, the ef?ciency of any bio 
logical process improves. Also, as ef?uent concentration 
increases, reactor loadings can be increased Within limits 

While maintaining a suitable hydraulic retention time In anaerobic treatment this means a larger output of methane 

per unit volume of reactor per unit time. 

[0067] In FIG. 3 the thermophilic digesters 200 liquid 
sludge may be pumped from the bottom line 67 and pumped 
into the mesophilic digester 300. The mesophilic digester is 
not heated other than from the Waste thermophilic digester 
200. In the mesophilic digester 300 With the loWer tempera 
ture, the neW feedstock of beet molasses and sugars, 
starches, etc., Will be fed at a loWer rate. This is to be a 
?nishing digester in order to complete the conversion of any 
biodegradable solids left from the initial thermophilic 
digester 200 in FIG. 5 of the stand alone biogas plant using 
only feedstocks that are highly biodegradable ninety-eight to 
one hundred percent solid, sugar, starch and carbohydrates 
only, not connected to any municipal WasteWater seWage 
treatment plant. 

[0068] The stand-alone biogas plant does not need a lot of 
equipment that Waste Water treatment plants need such as 
clari?ers, dissolved air ?oatation thickeners and belt ?lters 
process due to the fact the stand alone biogas plant converts 
approximately ninety-nine percent of its feedstock to biogas. 
In a municipal Waster Water seWage treatment plant the 
digester 300 is a ?nishing digester also. The mesophilic 
digester 300 is built and operated the same as the thermo 
philic digester 200. The ?nal draW of sludge is pumped from 
the bottom line of said digester 300 and pumped to the belt 
?lter 310 as shoWn in FIG. 4. 

[0069] In FIG. 4 is a How scheme shoWing the digesters 
200 and 300 from FIG. 3 and the How of digested gas 
discharged from the digesters 200 and 300 through pipe 60. 
The gas is transferred to a digested gas co-generating unit 
400 and used as an energy source thereof to generate electric 
poWer. In addition, steam or hot Water generated in the 
generating unit 400 is used as a heat source for heat 
treatment for maintaining the high temperature of the ther 
mophilic digester 200 and heated Water in pipe 30 to 
maintain the ?uidity of the feedstock in the drop tank 10 and 
the storage tanks 100 and 105 shoWn in FIG. 2. The heated 
Water circulating Will serve as the circulating Water to heat 
the feedstock pipelines 50 and 55. 

[0070] FIG. 4 shoWs a How scheme of gas discharged 
through pipe 60 from the digesters 200 and 300 and trans 
ferred to a boiler 350 for steam, if needed. The How scheme 
also shoWs the gas discharged from the digesters through 
pipe 60 to a gas scrubber 500 Which is then pressuriZed With 
a high pressure gas unit 600 and stored in large pressuriZed 
gas tanks 700 of the common propane tank type. The gas 
from this point is transferred to pressuriZed tanks 800 on 
trucks and delivered to the end users such as farmers Who 
use propane to run engines that poWer their Water Well 
pumps and many other engines. Said gas, after scrubbing, 
can be used in any natural gas vehicle (i.e. bus, truck, auto, 
forklift, etc.). In FIG. 4 the sludge coming out of the 
mesophilic digester 300 is piped to the belt ?lter 310 and the 
biosolids storage tank 315. The biosolid is loaded onto 
trucks 320 and sold as fertiliZer and compost, since these 
biosolids meet the recent 40 C.F.R. Part 503 Standard. 
PasteuriZation is achieved by retaining the solids or slurry 
for 30 minutes or more at 70° C. or higher. 
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[0071] In FIG. 5 is a How scheme of a sugar/starch plant 
that is not part of any WasteWater system showing the 
digesters 200 and 300 from FIG. 3. The digested gas 
discharged from the digesters 200 and 300 is transferred to 
a digested gas co-generating unit 400 and used as an energy 
source thereof to generate electric poWer. In addition, steam 
or hot Water generated in the generating unit 400 is used as 
a heat source for heat treatment for maintaining the high 
temperature of the thermophilic digester 200 and heated hot 
Water line 30 to maintain the storage feedstock tanks 100 and 
105 in FIG. 2. The heated Water pipe 30 Will serve as the 
circulating Water to heat the pipelines 50 and 55. FIG. 5 
shoWs a How scheme of gas discharged through pipe 60 from 
the digesters 200 and 300 and transferred to a boiler 350 for 
steam, if needed. The How scheme also shoWs the gas 
discharged from the digesters through pipe 60 to a gas 
scrubber 500 and then pressuriZed With a high pressure gas 
unit 600 and stored in large pressuriZed gas tanks 700 of the 
common propane tank type. The gas from this point is 
transferred to pressuriZed tanks 800 on trucks and delivered 
to the end users such as farmers Who use propane to run 

engines that poWer their Water Well pumps. Said gas, after 
scrubbing, can be used in any natural gas vehicle (i.e. bus, 
truck, auto, forklift, etc.). In FIG. 5 the miniscule amount of 
effluent, if any, coming out of the mesophilic digester 300 is 
transferred through pipe 68 to an irrigation pipeline and 
mixed With irrigation Water Which may then be used on 
crops When used on a farm, or into a seWer line When built 
in an urban area. 

[0072] Temperature ranges for the thermophilic digester 
should be betWeen about 378° C. and about 97° C., With a 
preferred range of about 40° C. to about 60° C., and an 
optimum temperature of 50-55. Similarly, temperature 
ranges for the mesophilic digester should be betWeen 21° C. 
and about 40° C., With an optimum temperature of about 
30-35° C. The preferred hydraulic retention time in the 
thermophilic digester is betWeen about 1 and about 8 days 
and the preferred hydraulic retention time in the mesophilic 
digester is betWeen about 4 and about 15 days. 

Example of a Working Stand-Alone System 

[0073] With regard to biogas production as it is normally 
done today, the stand-alone facility is a very unique 
approach. A stand-alone facility Will consist of one or more 
digesters. It can be only a thermophilic anaerobic digester, or 
only a mesophilic anaerobic digester, or it can be a one of 
each, a thermophilic anaerobic and a mesophilic anaerobic 
digester, or several, depending on the design of the electrical 
generating facility that one Wishes to build. The thermo 
philic temperature range of 50° to 55° C. is optimum; 
therefore, the thermophilic temperature should be main 
tained at around 50° C., and 35° C. for the mesophilic 
stand-alone digester. Many studies shoW a peculiar patern: 
When the hydraulic retention time (HRT) is decreased and 
the loading rate is increased, the percent of volatile solids 
(VS) destruction goes up. 

[0074] In the stand-alone digester the loading rate is 
increased from 1-1,000% more than the seWage Waste 
loading rate in a normal WasteWater treatment plant. The VS 
destruction is up to 100% due to the fact that the feedstock 
fed into the digester is up to 100% biodegradable. The only 
Water content added is to control the level of the digester. 
The digester slurry is used to dilute the feedstock being 
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metered into the recirculating line of the digester. This 
means that the feedstock put in comes out as biogas. The 
HRT is continued for several days or months until the point 
Where all of the feedstock is converted to biogas. There is 
very little, if any, Wash out of sugar or microorganisms due 
to the fact that there is very little effluent to dispose of. 

Sugar Conversion to Biogas/Electricity/Money 
(Stand-Alone System) 

[0075] By Way of example for illustrative purposes only, 
and Without limiting the scope of the appended claims, the 
folloWing assumptions and calculations are set forth to 
demonstrate the utility, efficiency and productivity of a 
stand-alone digester system. 

[0076] Adjustments and De?nitions. 

[0077] A substrate high in sugar can be expected to have 
an acid tendency, so a buffer Would be added. In most 
biological processes, the rate of methane production virtu 
ally doubles for every 18-27° F. (10-15° C.) rise in tem 
perature. If pH drops, calcium carbonate (CaCO3, com 
monly called “lime”) can be added to return pH to the 
percentage it must maintain. Ammonia (NH3) is toxic to the 
biogas creation process in too great a concentration, hoW 
ever, small amounts of ammonia Will correct an acid con 
dition in a digester. An acid pH can be corrected by using 
one part by volume of ammonia mixed With 40 parts by 
volume of Warm Water for every 10.000 parts by volume of 
generator volume. Nutritional balance and pH adjustments 
may be made to the digester systems as necessary, a fact 
knoWn in the art, to optimiZe the biogas production. 

[0078] C/N=Carbon to Nitrogen ratio 

[0079] NH3=Ammonia (the molecule) is toxic to the 
biogas process in too great a concentration 

[0080] NH4+—Ammonium—the ion 

[0081] BOD—biochemical oxygen demand 

[0082] COD—chemical oxygen demand 

[0083] Temperature. 

[0084] Mesophilic bacteria: 21° to 40° C., With 30° to 35° 
C. optimum (70° to 105° F.); thermophilic bacteria: 40° to 
60° C., With 50° to 55° C. optimum (104° to 140° It is 
to be noted that thermophilic organisms do survive at 
mesophilic (20° to 40° C.) temperatures, While mesophilic 
organisms generally cannot survive thermophilic tempera 
tures. 

[0085] Assumptions. 

[0086] Analysis of sugar=780,000 mg/kg COD, (78 
Weight %)=520,000 mg/kg BOD (52 Weight %). Ratio 
1.5><BOD=COD. Therefore: 1 lb. of sugar is equal to 0.78 
lbs. of COD, or 0.52 lbs. of BOD. One pound of COD 
reduced to gas in a digestion system yields approximately 20 
cubic feet of biogas. Biogas is approximately 70% methane. 
One cubic foot of methane is equal to 980 BTU’s. A 
digestion system can reduce approximately 95-99% of the 
COD fed to gas. It is reasonable to assume that sugar Would 
be approximately 98% reduced in a system. 
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[0087] Calculations: 

[0088] Biogas produced from 1 lb. of sugar=1 (lb. sugar)>< 
0.78 (%COD)><0.98 (% reduced)><20 cubic ft./lb. reduced= 
15.29 cubic feet of biogas per one lb. of sugar fed to the 
digester. 
[0089] Assume a generator requires approximately 12,500 
BTU’s to produce one kilowatt (kWh) of electricity. This is 
knoWn as “heat rate” in the generator trade, the actual 
number depending upon the generator selected. BTU’s pro 
duced=15.29 (cu. ft. of biogas)><0.7 (% methane)><980 
BTU’s/cu.-ft.=10,489 kWh produced=10,704.7/12,500=0.84 
kWh per pound of sugar fed to the digester. 

[0090] Economics: 

[0091] California electrical generation plants sell electric 
ity at peak times from $0.10 to $1.10 per kWh. If a kiloWatt 
hour is Worth 10 cents, then the 1 lb. of sugar, reduced to gas 
is Worth 10><0.84 or 8.4 cents, or 92.4 cents per lb. of sugar, 
When the price is $1.10 kWh or more depending on supply 
and demand of electricity. The State of California has 
recently paid as much as $3.00 per kWh. 

[0092] Conclusions/Bene?ts: 
[0093] The outstanding qualities of the stand-alone 
digester are as folloWs: 

[0094] 
[0095] 
[0096] 
[0097] 
[0098] 
[0099] F. PoWer Quality 

[0100] G. Safety 

A. ReneWable Electricity Generation 

B. Cost Competitiveness 

C. Non-fossil Fuel 

D. Reliability 

E. Dispatchability 

[0101] H. Non-energy Bene?ts (agriculture and sugar 
industries) 

[0102] 
[0103] J. Storability 

[0104] K. Availability 

I. Innovation 

[0105] The stand-alone facility is cost competitive in a 
deregulated electricity market, Whereas most reneWable 
energy facilities are not. 

[0106] Using sugar, starch and carbohydrates in the stand 
alone facility for reneWable electricity generation offers the 
same degree of reliability and dispatchability as compared to 
existing fossil fuel generation systems. Sugar, starch and 
carbohydrates can be more safely and easily stored and are 
far safer environmentally than storing fossil fuels. 

[0107] One of the important attributes of the stand-alone 
digester is the fact that the biogas is available on demand just 
as is the case With fossil fuels. If there is a high demand for 
electricity in an area for a certain time period, say from 1:00 
p.m.-5:00 pm. on a Tuesday afternoon, Where there is an 
existing stand-alone facility, the stand-alone facility could 
increase it’s capacity to meet this period of demand. The 
stand-alone digester could be operating at a loW, 10%-15% 
capacity, until 11:30 am. on Tuesday morning. Then, by 
increasing the sugar feedstock, the desired increased amount 
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of biogas Would be available to meet the 1:00 pm. need. 
This production increase can range from 20% to 100% of the 
capability of the stand-alone digester Within 11/2 hours. This 
underscores the fact that a stand-alone digester Will produce 
a reliable amount of electricity, thus alloWing the systems to 
effectively and ef?ciently provide peak poWer that economi 
cally equals that of fossil fueled electricity generators. 

[0108] The stand-alone, non-toxic, reneWable energy 
digesters Will have the ability to integrate into existing 
environments or structures and have far reaching non-energy 
related bene?ts including the development of neW farmland 
and the creation of neW jobs in the sugar/agriculture indus 
try. 

[0109] The stand-alone digester uses only a controlled, 
metered, non-toxic feedstock, such as sugar, starch or a 
carbohydrate. Unlike seWage Waste treatment plants Which 
receive a Waste stream that contains hidden antibiotics, 
disinfectants and cleaning agents and also varies betWeen 
uncontrollable high and loW volume feeds, the stand-alone 
digester is strictly controlled and Will perform on command 
by the operator. 

Example of a WasteWater Treatment Plant 

[0110] By Way of example for illustrative purposes only, 
and Without limiting the scope of the appended claims, the 
folloWing assumptions and calculations are set forth to 
demonstrate the utility, ef?ciency and productivity of the 
digester system of the present invention When coupled With 
an existing WasteWater treatment facility. The process and 
apparatus of this invention When used With a WasteWater 
treatment plant Will enhance the conversion of the biode 
gradable solids an additional 25% over and above the 
normal conversion of about 50%. The rate of conversion of 
solids to biogas means 25% less solids to handle and more 
biogas created to generate more electricity. 

[0111] The process is the same as the stand-alone digester 
process Where the sugar feedstock is at all times controlled 
by a meter and fed the amount of feedstock as required to 
create the desired amount of biogas to operate the gas ?red 
generator at a speci?c time. The WasteWater treatment plant 
normally Would have enough nutrients in the incoming 
Waste so that no additional nutrients Would be required. The 
digestion process Would maintain a pH of about 7. 

[0112] The return on investment When using sugar/feed 
stocks Will increase When used With a WasteWater treatment 
plant. The conversion of biodegradable sludge Will increase 
to 75%, Which is a 50% increase from the normal conversion 
amount of only one-half of the biodegradable sludge of most 
WasteWater treatment plants due to the folloWing reasons. 
The WasteWater facility Will increase the conversion of its 
biodegradable solids to biogas by about 50% by having 
sugar, starch or a carbohydrate added to its existing digesters 
in order to create a much higher population of microorgan 
isms that Will increase gas production and reduce HRT. 

[0113] For example, a 100,000 gallon thermophilic 
digester, using the same feedstock (sugar) ratio Will create 
results beginning With a pro?t of $378.00 per day. In 
addition, there is the advantage of the ability of increasing 
the digester temperature to 70° C. and pasteuriZing all of the 
pathogens to create biosolids that can safely be spread on 
land for disposal and fertiliZer value. 
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[0114] The WasteWater sewage treatment facility based on 
a 100,000 gallon tank With 1% solids equates to 1,000 
gallons of solids of Which 50% is never converted to gas due 
to the hydraulic retention time of about 24 days. By the 
addition of sugar a high concentration of microorganisms is 
created that Would convert not only the easily digestible 
sugar, but Would also consume an additional 25% of the 
biodegradable solids present in the Waste stream, solids that 
normally Would never be converted to biogas. Most existing 
digesters today have approximately a 1 to 3 million gallon 
capacity. Since a WasteWater treatment plant has existing 
digesters, only the apparatus and process and the additional 
piping and tanks for storage of feedstocks (i.e. sugar, 
starches) of the stand-alone digester Would need to be added 
to create a very viable biogas generating facility. 

[0115] Just a feW of the savings include an increase in gas 
production, feWer biosolids, pathogen free biosolids, less 
cost for treatment of biosolids, smaller capacity and feWer 
digesters needed to accomplish the same processing and a 
shorter hydraulic retention time. 

[0116] While in the foregoing speci?cation this invention 
has been described in relation to certain preferred embodi 
ments thereof and many details have been set forth for 
purposes of illustration; it Will be apparent to those skilled 
in the art that the invention is susceptible to additional 
embodiments and that certain of the details described herein 
can be varied considerably Without departing from the basic 
principles of the invention. 

What is claimed is: 
1. A process for converting biodegradable organic mate 

rial into a product gas Which leaves substantially no Waste 
comprising: 

a. introducing a metered stream of slurry comprising a 
mixture of non-contaminated Water and a non-toxic 
biodegradable feedstock containing at least 10 percent 
biodegradable solids, of Which at least 95 percent of the 
solids Will convert to gas, into a completely mixed 
thermophilic anaerobic digester at a thermophilic reac 
tion temperature, said digester having an active, pro 
ducing microbial anaerobic digestion population com 
prising hydrolysis fermentation organisms and 
methanogenic organisms suspended in ?uids, said bio 
degradable feedstock being selected from the group of 
glucose, beet sugar, sugar beet molasses, sugar beet 
syrup, sugar beet juice, sugar cane molasses, cane 
sugar, sugar cane syrup, sugar cane juice, corn syrup, 
cereal grains, oat ?our, rice ?our, corn ?our, Wheat 
?our, potato juice, potato pulp, sorghum and combina 
tions thereof; 

b. generating biogas by anaerobically digesting said mix 
ture in said thermophilic anaerobic digester at a ther 
mophilic reaction temperature; 

c. WithdraWing said biogas from a headspace of said 
thermophilic digester; 

d. transferring a portion of said mixture from said ther 
mophilic digester into a completely mixed methano 
genic digester at a methanogenic reaction temperature, 
said digester having an active, producing microbial 
anaerobic digestion population comprising hydrolysis 
fermentation organisms and methanogenic organisms 
suspended in ?uids; 
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e. generating biogas by anaerobically digesting said mix 
ture in said methanogenic anaerobic digester at a 
methanogenic reaction temperature; 

f. WithdraWing said biogas from a headspace of said 
methanogenic digester; and 

g. using said biogas. 
2. The method of claim 1 Wherein the thermophilic 

reaction temperature is in a range of betWeen about 46° C. 
and about 76° C. 

3. The method of claim 2 Wherein the thermophilic 
reaction temperature is about 56° C. 

4. The method of claim 3 Wherein the methanogenic 
reaction temperature is in a range of betWeen about 25° C. 
and about 45° C. 

5. The method of claim 4 Wherein the methanogenic 
reaction temperature is about 35° C. 

6. The method of claim 1 including the additional step of 
operating an exterior pump provided on each digester to 
draW ?uid from the bottom of each digester and pump it to 
a funnel shaped outlet and plate at the top center of each 
digester in order to spread the liquid evenly across the top of 
each digester and reduce scum buildup on the top of the ?uid 
in each digester. 

7. The method of claim 6 Wherein a valve is provided for 
introducing additional non-toxic biodegradable feedstock 
into the mixing line and including the additional step of 
mixing said additional feedstock With the ?uids at the upper 
portions of each of said digesters. 

8. The method of claim 7 Wherein the hydraulic retention 
time in the thermophilic digester is betWeen about 1 and 
about 8 days and the hydraulic retention time in the metha 
nogenic digester is betWeen about 4 and about 15 days. 

9. The method of claim 6 including the additional step of 
transferring said non-toxic biodegradable feedstock from a 
drop tank into a plurality of holding storage tanks using a 
heated transfer pipeline, said pipeline having a plurality of 
valves and a viscosity pump therein. 

10. The method of claim 9 including the additional step of 
metering said non-toxic biodegradable feedstock from said 
holding tanks through a mixing line into said thermophilic 
anaerobic digester using a viscosity pump. 

11. The method of claim 10 Wherein said feedstock is 
variably metered as required in order to maximiZe the 
production of biogas at any given time. 

12. The method of claim 11 Wherein the majority of the 
biogas produced is methane, and said methane is used in a 
manner selected from the folloWing group: in a boiler for 
generating steam, in an internal combustion engine, in an 
energy-producing turbine, in at least one gas storage tank for 
later use, and in a gas burner. 

13. The method of claim 11 Wherein the biogas produced 
is used to generate steam. 

14. The method of claim 11 Wherein the biogas produced 
is used in heating the thermophilic digester. 

15. The method of claim 11 Wherein the biogas produced 
is used to operate a gas ?red generator. 

16. The method of claim 13 Wherein the feedstock is 
molasses and a plurality of steam heat exchangers are used 
to preheat the molasses. 

17. The method of claim 13 including the additional step 
of using the steam to generate electricity With a steam 
turbine. 
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18. The method of claim 10 wherein the quantity of 
feedstock introduced into said digesters is variably adjusted 
in anticipation of the requirements for production of gas to 
be supplied to an electricity generating facility. 

19. The method of claim 1 Wherein said feedstock con 
tains at least 50 percent biodegradable solids, of Which at 
least 95 percent of said solids Will convert into gas. 

20. The method of claim 1 Wherein said feedstock con 
tains at least 75 percent biodegradable solids, of Which at 
least 95 percent of said solids Will convert into gas. 

21. The method of claim 1 Wherein said feedstock con 
tains at least 90 percent biodegradable solids, of Which at 
least 95 percent of said solids Will convert into gas. 

22. The method of claim 1 Wherein said feedstock is 
substantially fully biodegradable. 

23. The method of claim 1 Wherein a Waste stream from 
a Waste Water treatment facility is mixed With said slurry, 
and including the additional step of retaining said mixture 
for at least 30 minutes at a temperature of at least 70° C. in 
the thermophilic digester in order to pasteuriZe said mixture. 

24. An apparatus for converting biodegradable organic 
material into a product gas comprising: 

a. a heated drop tank for receiving said biodegradable 
material; 

b. a heated line in communication With said drop tank 
having a pump therein for transferring said material to 
at least one holding tank; 

C. a thermophilic anaerobic digester containing a popu 
lation of hydrolyZing anaerobic fermentation organ 
isms at a thermophilic temperature in communication 
With said at least one holding tank; 

d. a methanogenic anaerobic digester containing a second 
population of hydrolyZing anaerobic fermentations 
organisms at a mesophilic temperature in communica 
tion in series With said thermophilic anaerobic digester; 

e. a plurality of pipelines and pumps for introducing and 
re-circulating feedstock into and betWeen said digest 
ers; 

f. a conical opening and splash plate inside each digester 
in the upper portion thereof for reducing scum and 
spreading re-circulated ?uid inside such digester; and 

g. removal pipelines connected to the tops of each of said 
digesters for removing biogas from said digesters. 

25. The apparatus of claim 24 Wherein a gas scrubber is 
provided in communication With said removal pipelines, a 
gas compressor is provided in communication With said 
scrubber, and at least one gas storage tank is provided in 
communication With said compressor. 

26. The apparatus of claim 24 Wherein a steam generating 
boiler is provided in communication With said removal 
pipelines. 

27. The apparatus of claim 24 Wherein the biodegradable 
material is a mixture of Water and a feedstock is selected 
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from the group of glucose, beet sugar, sugar beet molasses, 
sugar beet syrup, sugar beet juice, sugar cane molasses, cane 
sugar, sugar cane syrup, sugar cane juice, corn syrup, cereal 
grains, oat ?our, rice ?our, corn ?our, Wheat ?our, potato 
juice, potato pulp, sorghum and combinations thereof. 

28. The apparatus of claim 27 Wherein said feedstock is 
delivered to said drop tank, pumped to said at least one 
storage tank using a viscosity pump, and thereafter variably 
metered into the thermophilic digester in controlled 
amounts. 

29. The apparatus of claim 28 Wherein said feedstock is 
variably metered into the methanogenic digester in con 
trolled amounts. 

30. The apparatus of claim 29 Wherein said feedstock is 
variably metered as required to maximiZe production of 
biogas in a prescribed time for peak electricity generation 
demand. 

31. The apparatus of claim 30 Wherein a steam heat 
exchanger is used to heat the thermophilic digester and to 
pre-heat the feedstock for ease of pumping. 

32. The apparatus of claim 31 Wherein a steam heat 
exchanger is used to preheat the feedstock. 

33. The apparatus of claim 24 Wherein the digesters are 
incorporated into an existing WasteWater treatment facility 
and improves the conversion of WasteWater biodegradable 
solids into biogas. 

34. An apparatus for converting biodegradable feedstock 
into a product gas comprising: 

a. a drop tank for receiving a non-toxic biodegradable 
carbohydrate material; 

b. a storage tank in communication With said drop tank; 

c. a viscosity pump for transferring said material from 
said drop tank to said storage tank; 

d. a mixing tank for adding Water to said material to form 
a slurry; 

e. an adjustable valve for variably controlling the amount 
of slurry fed out of said mixing tank; 

f. a thermophilic anaerobic digester containing a popula 
tion of hydrolyZing anaerobic fermentation organisms 
having an input in communication With said mixing 
tank, said digester having a ?rst output for gas and a 
second output for non-gas material; and 

g. a methanogenic anaerobic digester containing a second 
population of hydrolyZing anaerobic fermentation 
organisms having a ?rst input in communication With 
said mixing tank, a second input in communication 
With said non-gas output from said thermophilic 
digester, a ?rst output for gas and a second output for 
non-gas material. 


