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TREATMENT PLANT FOR PROCESSING ANIMAL 
WASTES PRODUCED IN A CONFINED ANIMAL 

GROWING ARE 

FIELD OF THE INVENTION 

[0001] The invention relates to the raising of farm ani 
mals, such as hogs, cattle and poultry, under con?ned 
conditions (eg in a growing building or feedlot). More 
particularly, the invention relates to either a neW construc 
tion or retro?t system that processes the WasteWater that is 
used to ?ush animal Waste from the con?ned groWing area. 
The process serves to extract manure from the WasteWater 
and dispose of the manure in an environmentally responsible 
manner. 

DESCRIPTION OF THE PRIOR ART 

[0002] The con?nement of farm animals according to 
modern agricultural techniques has produced immense envi 
ronmental problems associated With Waste disposal. These 
problems have been encountered in hog farming, feedlot 
cattle farming and poultry farming. 

[0003] The United States Environmental Protection 
Agency has estimated that there are 450,000 farming opera 
tions in the United States that con?ne animals and of these 
approximately 6,600 are big enough to raise over 2,500 hogs 
or over 1,000 cattle or 30,000 chickens. But many farms 
raise far more. The EPA estimates that tWo thirds of the 
6,600 farms do not have pollution discharge permits, and 
most of the existing permits are inadequate to control Water 
pollution from the spreading of manure on land. Land 
spreading has alWays been the primary means of hog Waste 
disposal. 

[0004] Farmers, academicians, businesses and govern 
ments have devised solutions for various aspects of the 
animal Waste situation, but these solutions are generally 
costly or aWkWard. Thus far, all efforts have yielded partial 
solutions, at best. Where previously the animal Waste might 
have been sold to crop farmers for its nutrient value, the 
development of convenient chemical fertilizers has largely 
eradicated the market for cumbersome, odorous manure. 
Furthermore, any process that addresses environmental 
problems While adding signi?cantly to farm expenses is 
objectionable in the extremely competitive animal groWth 
industry. 
[0005] While the problems addressed by the present 
invention apply to various types of animals groWn in con 
?ned areas, the example of hogs raised in groWing buildings 
is illustrative, and this type of animal farming operation Will 
be described herein in detail, both in connection With the 
background of the invention and speci?c embodiments that 
illustrate details of the invention. More particularly, the 
present invention Will be described herein in various 
respects With reference to the hog industry as it exists in the 
State of North Carolina, USA, the second largest hog 
producing state in the United States. 

[0006] Hog farming in North Carolina has enjoyed, and 
suffered from, an explosive groWth rate. The industry more 
than tripled in the period from 1990 to 1995, With over 12 
million hogs marketed in 1995. Much of that production is 
exported to other states and other countries. Competitive 
pricing and increased volumes have driven a rapid trend to 
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economiZe through large scale operations. Recent startups in 
North Carolina exceed 5000 hogs per farm, With high-tech 
automated factory farms processing 50,000 hogs or more. 

[0007] Of course, an undesirable consequence of so many 
hogs is so much hog Waste. North Carolina’s 1995 hog crop 
produced as much raW Waste as a country of 30 million 
people. While Waste concentration has increased almost a 
hundred-fold since 1980, the Waste disposal processes have 
remained unchanged. 

ILLUSTRATIVE HOG FARMING OPERATION 

(PRIOR ART) 
[0008] A large scale hog farm operation incorporating 
prior art techniques Will noW be described With reference to 
FIG. 1. Hogs are typically raised on grates (not shoWn) in 
close con?nement groWing buildings 10 from the time they 
are born to the time they are marketed. The hogs’ manure 
and urine fall into troughs beneath the grates. Flush pumps 
14 draW settled ?ushWater from a Waste storage lagoon 18 
to ?ll tanks 22 for ?ushing each building. 

[0009] Waste accumulated in the buildings’ under-?oor 
troughs is then ?ushed back to the lagoon, Which provides 
temporary storage for the WasteWater until the proper con 
ditions occur for permanent Waste disposal on the spreading 
?elds, discussed beloW. 

[0010] Manure Waste Within the WasteWater settles and 
decomposes in the lagoon. This process reduces the solid 
Waste mass to sludge, producing extremely odorous gases 
Which are released if the lagoon Water is disturbed by 
excessive Wind, heat, or heavy WasteWater discharges. 
Although the lagoon’s WasteWater must be emptied periodi 
cally, farmers rarely remove the settled sludge. As a result, 
the lagoon bottom continuously rises until, after several 
years, the depth becomes insuf?cient to maintain the decom 
position process. The farmer must then build another lagoon. 

[0011] The lagoon’s WasteWater rises due tp accumulation 
of Waste plus the amount by Which rainfall exceeds evapo 
ration. To prevent over?oW, the lagoon level must be 
reduced periodically by spreading its WasteWater contents 
over adjacent spreading ?elds 24. A typical lagoon for a 
10,000 hog farm Would occupy approximately six acres. 

[0012] Spreading ?elds 24 are oWned and operated by the 
farmer for the sole purpose of absorbing the high nutrient, 
bacteria laden WasteWater. It is essential that the ?elds be 
planted With crops capable of completely absorbing the 
Waste nutrients so that they do not leach through the soil to 
contaminate aquifers and WaterWays. 

[0013] Effective disposal of hog Waste by ?eld spreading 
is dependent on the volume of Waste, siZe of the ?eld, type 
of crop and crop condition, plus care given to the spreading 
operation. On average, more than half of the total farm area 
is dedicated to the Waste disposal spreading ?elds. 

[0014] Animal Waste odors cause greater distress than 
other forms of pollution. Farm neighbors are angered and 
depressed by overpoWering odors and loss of property 
values. The primary cause of the irritating odors is the 
bacterial decomposition of Waste beneath the lagoon’s sur 
face in the absence of oxygen. This anaerobic decomposition 
process releases many noxious gases, among Which are 
ammonia, methane and volatile fatty acids, of these, fatty 
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acids produce the most distressing odors. Ammonia is a 
major contributor to acid rain, and methane contributes to 
global Warming. These gases are released When the Water 
becomes very Warm or disturbed by Winds, or by excessive 
Waste discharges into the lagoon. Therefore, it is not sur 
prising that the hog farm’s most objectionable odors occur 
during emptying of the lagoon liquid onto the spreading 
?elds. Despite the many environmental problems, anaerobic 
lagoons are inexpensive to operate and are therefore the 
most commonly used lagoons for livestock manure. 

[0015] Acostly alternative to the anaerobic decomposition 
process is achieved by aerating the lagoon. While aerobic 
lagoons reduce odors, ammonia is produced. Aerobic bac 
teria require a constant supply of oxygen Which is achieved 
by pumping large volumes of air into the manure-Water 
mixture. In addition, the aerobic process is dependent on 
sunlight. Due to the high expense of continuous oxygenation 
and the large surface area required, aerobic lagoons are 
considered impractical for most animal Waste operations. 

[0016] North Carolina’s environmental regulations on 
lagoon construction, Which are illustrative of those of other 
states, have not kept pace With the groWing problems. It Was 
generally believed that the lagoons are self-sealing; that is, 
sludge deposits Will cover the bottom of a lagoon Within 
months preventing escape of harmful bacteria and chemicals 
to the groundWater. HoWever, recent studies shoW that large 
numbers of lagoons are leaking, some of them severely. 
Researchers have found that lagoons built on permeable soil 
may never seal adequately, and that clay based lagoons may 
leak after periods of hot dry Weather folloWed by sudden 
rainfall. Leakproof lagoons may be built using synthetic 
liners or compacted bentonite clay, but sealing lagoons in 
this manner is costly; therefore, to date, feW lagoons have 
been built With protective liners. 

[0017] Several major lagoon breaks occurred in recent 
years. In one instance, a 7.5 acre lagoon on a 10,000 hog 
farm spilled 25 million-gallons of raW seWage into an 
adjacent river. The resulting overload of nitrates resulted in 
a massive ?sh kill Which spread over many miles. Also 
found after the spill Were high levels of fecal coliform 
bacteria, knoWn to cause potentially fatal enteric disorders to 
humans, such as salmonella and the E-coli virus. 

[0018] Possible consequences of existing animal Waste 
disposal practices are outbreaks of P?esteria, a toxic organ 
ism found in rivers overloaded With nutrient pollution from 
hog or chicken farm runoff. P?esteria is suspected of killing 
billions of ?sh from DelaWare to Alabama since it Was 
identi?ed in 1991. It is also believed to injure humans Who 
come in contact With the infested Waters or breathe its 
airborne toxins. 

[0019] Frequent severe problems arise under the prior 
Waste management processes. Waste is often spread on 
inadequate or barren ?elds, or in many instances it is 
deliberately discarded raW into streams or marshes. Histori 
cally, lagoon construction Was so poor that leaks and breaks 
Were common. With current stricter and more costly con 
struction regulations, the farmer is tempted to shortcut the 
quality of the installation. 

[0020] Even With the currently heightened aWareness of 
environmental dangers, North Carolina regulatory authori 
ties are unable to do more than occasional inspections. 
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[0021] Responding to the public outcry over odors, in 
1995 the North Carolina legislature imposed setback regu 
lations requiring that neW hog farms be built no closer than 
1500 feet from neighboring homes. For a farm of 10,000 
hogs, the groWing area occupies approximately one hundred 
acres. This includes the groWing buildings, feed silos, roads, 
loading ramps, equipment storage, etc. The lagoons and 
spreading ?elds can occupy from one hundred to tWo 
hundred more acres. Added to all this, the extensive buffer 
areas required by the setback legislation combine to make it 
almost impossible to ?nd available land parcels large 
enough for hog farming, as Well as to make the cost of neW 
farms almost prohibitive. In 1997 the legislature responded 
to vehement protests that the setbacks Were ineffective by 
imposing a tWo year moratorium on groWth of large scale 
hog farming in the state. No neW or expanded operations 
Would be permitted unless neW processes or neW technolo 
gies Were employed to appreciably reduce odors. In passing 
the moratorium, the legislature implored universities and 
industry to resolve the situation by the spring of 1999. 

[0022] Municipal WasteWater treatment technology has 
been considered as an option for addressing the problems 
above, hoWever, this process Would be too costly and far too 
risky for general use in animal Waste disposal. Primary 
treatment is the removal of settleable Waste solids, resulting 
in great quantities-of Wet sludge Which must then be trucked 
aWay for land?ll. Secondary treatment is the reduction of the 
WasteWater nutrients by biological digestion of the organic 
matter. This process depends on careful maintenance of a 
healthy culture of microorganisms Which feed on the seW 
age. This requires the frequent attention of a skilled operator, 
as even a slight disturbance to the Waste stream can cause the 

bacterial colony to sicken or die. At that point, raW seWage 
Will pass directly through the system and discharge to the 
public WaterWays. 

[0023] Another approach for dealing With the above 
described environmental problems is set forth in US. Pat. 
Nos. 5,078,882 and 5,538,529, Which describe a method of 
treating the WasteWater aerobically and anaerobically to 
produce a bene?cial humus material. HoWever, While the 
approach presented in these patents may reduce farm odors, 
several other problems may be created. The sludge sediment 
of a conventional anaerobic lagoon may be alloWed to build 
up over several years, as the lagoon is usually large enough 
and deep enough to contain the accumulation. HoWever, the 
sediment of this process builds up quickly in the small 
lagoon, and could shut doWn the disposal process altogether 
if not removed on a timely basis. The farmer Would have to 
be assured of a regular sediment collection and disposal 
process. Apair of lagoons are provided to facilitate sediment 
removal, With one remaining in service While the other is 
being dredged. As With other aerobic digesters, this process 
requires continuous, energy-intensive oxygenation. The pro 
cess also requires that a Wetlands area be built and main 
tained. In addition to the lagoons, ?eld spreading Would 
continue, though on a someWhat reduced scale. Ammonia 
production Would continue unabated. Also, this process 
provides no capability for draining a discontinued lagoon. 

[0024] Accordingly, there is an acute need for an animal 
farm WasteWater treatment system that is respectful of the 
environment, particularly in connection With reductions in 
air and Water pollution by replacing the dirty disposal 
practices of lagooning and ?eld spreading. Most preferably, 
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such a system should reduce the farm area requirement to 
one half or less of that currently required by eliminating the 
lagoons and spreading ?elds and replacing the same With a 
self-contained disposal system. 

SUMMARY OF THE INVENTION 

[0025] The present invention provides an economically 
feasible system for substantial reduction or elimination of 
environmental problems resulting from con?nement groWth 
of farm animals, While achieving a signi?cant reduction in 
land required to groW the animals. More particularly, the 
present invention eliminates the disposal practices of 
lagooning and ?eld spreading and replaces these practices 
With an enclosed, real-time Waste processor, Which substan 
tially destroys all Waste Within hours. Therefore, lagoon 
retention is not required, nor is batch disposal by ?eld 
spreading required. Energy derived from the normally dis 
carded manure Waste is utiliZed to burn all solid and gaseous 
Waste components, as Well as to assist in the evaporation of 
eXcess WasteWater. Aprocess of managed solar evaporation 
provides additional loW cost means for disposal of eXcess 
WasteWater. The remaining WasteWater is ?ltered and 
deodoriZed before being recycled for use as ?ushWater. The 
present invention does not produce ammonia and methane 
gases, deleterious byproducts of prior processes. The present 
invention is suitable for neW farm construction or, in the 
alternative, may be used as a retro?t to an eXisting farm 
operation having lagoons and spreading ?elds. With respect 
to retro?t operations, once the system of the present inven 
tion has been installed, the farmer is free to sell the discon 
tinued spreading ?elds or use that land to eXpand his animal 
groWing business. 

[0026] In one broad aspect, the present invention may be 
described as a method of processing animal Wastes produced 
in the con?ned animal groWing area of a farm. This method 
begins by establishing a WasteWater stream of ?ushWater 
and Waste from the groWing area. The manure is separated 
from the WasteWater stream into a Wet manure portion and 
a liquid portion. The Wet manure portion is deWatered, 
folloWed by burning the deWatered manure. The liquid 
portion is cleansed and recirculated to the con?ned animal 
groWing area as ?ushWater. According to this method, the 
separating step may be carried out by screening the Waste 
Water to produce a ?rst amount of Wet manure folloWed by 
settling solids from the remainder of the WasteWater to 
produce a second amount of Wet manure. Furthermore, 
Waste gases produced during the separating and deWatering 
steps may be collected and burned. 

[0027] In another aspect, the present invention may be 
de?ned as a WasteWater treatment plant that includes a 
separator for receiving the WasteWater stream and dividing 
the WasteWater into a Wet manure portion and a liquid 
portion. A dryer is in communication With the separator for 
receiving the Wet manure therefrom and drying the same to 
an acceptable moisture content for burning. A combustor is 
in communication With the dryer for receiving manure 
therefrom and burning the same. Appropriate means is 
provided for recirculating the liquid portion from the sepa 
rator to the con?ned animal groWing area for use as ?ush 
Water. The WasteWater treatment plant preferably includes 
means, e. g. oZonation means, for cleansing the liquid portion 
prior to recirculating the liquid for use as ?ushWater. The 
plant also preferably includes a ?ushWater reservoir for 
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receiving and holding the liquid portion from the separator 
prior to recirculating the liquid as ?ushWater, and a solar 
evaporator having a basin for receiving ?ushWater from the 
?ushWater reservoir to permit evaporation of a portion of the 
?ushWater in order to counter Water accumulation in the 
?ushWater loop. 

[0028] In yet another aspect, the present invention may be 
described as a method for converting an eXisting hog farm 
of the type having a con?ned area for groWth of hogs, a 
lagoon and spreading ?elds to an environmentally sound 
operation requiring less acreage. This method includes 
installing a WasteWater treatment plant at an eXisting hog 
farm and operating the plant according to the method 
described above. Additionally, the contents of the discon 
tinued lagoon is drained through the WasteWater treatment 
plant at times When eXcess plant capacity so permits. This 
enables the farmer to discontinue use of the spreading ?elds 
for the receipt of lagoon Water so that the spreading ?elds 
acreage may be used to expand hog farming operations, used 
as conventional crop ?elds, sold to ?nance the installation of 
the WasteWater treatment plant, or otherWise used as desired 
by the farmer Without the necessity of spreading lagoon 
Water thereon. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0029] Some of the objects having been stated, other 
objects Will appear as the description proceeds, When taken 
in connection With the accompanying draWings, in Which 

[0030] FIG. 1 is a schematic diagram shoWing the prin 
cipal components of a hog farm of the prior art. 

[0031] FIG. 2 is a schematic diagram shoWing a hog farm 
incorporating the WasteWater treatment plant of the present 
invention. 

[0032] FIG. 3 is a schematic representation of the com 
ponents of the Waste processor that forms a part of the 
treatment plant of FIG. 2. 

[0033] FIG. 4 is a How chart shoWing a mass balance 
analysis for a typical hog farm incorporating the WasteWater 
treatment system of the present invention. 

[0034] FIG. 5 is similar to FIG. 2, but shoWing an 
alternative embodiment of the WasteWater treatment plant of 
the present invention that is installed as a retro?t to an 
eXisting farm. 

[0035] FIG. 6 is a vieW of a physically integrated tWo 
stage separator and dryer. 

[0036] 
[0037] FIG. 8 is a vieW of the system controller. 

[0038] FIG. 9 is a vieW of one embodiment of the smart 
solar evaporator. 

[0039] FIGS. 10A and 10B are top and side vieWs, mostly 
schematic, of an alternative embodiment of the solar evapo 
rator. 

FIG. 7 is a vieW of the gas condenser. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0040] While the present invention Will be described more 
fully hereinafter With reference to the accompanying draW 
ings, in Which aspects of the preferred manner of practicing 
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the present invention are shown, it is to be understood at the 
outset of the description Which follows that persons of skill 
in the appropriate arts may modify the invention herein 
described While still achieving the favorable results of this 
invention. Accordingly, the description Which folloWs is to 
be understood as being a broad, teaching disclosure directed 
to persons of skill in the appropriate arts, and not as limiting 
upon the present invention. 

[0041] FIG. 2 schematically illustrates the primary com 
ponents of an animal groWing farm 30 of this invention in 
Which the lagoon and spreading ?elds have been replaced by 
a WasteWater treatment plant 34. As in the prior art system 
described above in connection With FIG. 1, manure and 
urine are periodically ?ushed from the groWing building 
Waste troughs using pumped ?ushWater. According to the 
invention, the combined Wastes and ?ushWater are gravity 
fed to a covered raW Waste holding tank 38 Which contains 
the WasteWater prior to processing. 

[0042] Usually Waste is removed and processed in “real 
time”, preferably on the same day that it is deposited in the 
Waste holding tank 38. HoWever, Waste holding tank 38 
preferably has capacity to store the accumulated Waste of 
several days to accommodate those times When the treat 
ment plant is shut doWn for servicing. Holding tank 38 
preferably is covered to contain emitted fumes. Fans (not 
shoWn) direct these Waste gas fumes to a covered Waste 
processor 40 Which is discussed in detail, beloW. If system 
poWer is lost, default vents (not shoWn) at tank 38, alWays 
open, alloW the fumes to escape to the atmosphere. 

[0043] A coarse slurry of liquid and solid Wastes is draWn 
from Waste holding tank 38 into Waste processor 40. Here 
the coarse Waste slurry is mixed to a uniform consistency by 
a comminuter 56 (FIG. 3). The slurry stream then passes 
through a separator 58 that separates Wet solids from the 
liquid portion. The Wet (manure) solids are then conveyed to 
a deWaterer or dryer 80 Where the Wet solids are deWatered 
to an acceptable moisture content for burning, for example, 
40% to 70% Water content, using hot ?ue gases from the 
incinerator or combustor 120 (described beloW). The liquid 
Waste, having been cleansed of most solid particles, is then 
conveyed to a deodoriZer 94. 

[0044] After deodoriZation, the liquids ?oW out of proces 
sor 40 into a clean ?ushWater reservoir S0. During normal 
plant operation, this deodoriZed ?ushWater is taken from 
reservoir 50 as it is produced. The used ?ushWater, increased 
by the daily animal Waste output, then returns to the treat 
ment plant’s WasteWater holding tank 38. 

[0045] A “smart” solar evaporator 55 connected to clean 
?ushWater reservoir 50 prevents buildup of excess ?ushWa 
ter Which Would otherWise result from accumulated Waste 
plus precipitation. In North Carolina, as in many climates, an 
exposed body of Water Would increase in volume over time, 
as precipitation generally exceeds evaporation. As described 
in detail beloW, the “smart” solar evaporator 55 of the 
present invention incorporates a rain gauge, computer algo 
rithms and evaporator controls Which enable it to sense 
rainfall and to reject it. 

[0046] By eliminating the lagoon and spreading ?elds, the 
WasteWater treatment plant of this invention removes the 
most difficult regulatory requirements. There are no lagoons 
to leak or break, no ?eld crops to maintain, and no spreading 

Aug. 16, 2001 

regulations to folloW. Under control of the WasteWater 
treatment plant, the entire system complies automatically 
With environmental regulations. 

[0047] It Will be appreciated that hogs range in siZe from 
neWborn piglets to mature soWs of over 600 pounds. They 
are generally marketed at a groWn out Weight of 230-250 
pounds, and the ‘nominal’ average Weight for all hogs is 
given as 135 pounds. 

[0048] Urine and manure production of the nominal hog is 
approximately one gallon per day. Where one gallon of hog 
Waste is comprised of approximately 7.3 pounds of Waste 
liquids and one pound of manure. The daily WasteWater 
volume per hog consists of approximately: 1 gal (urine+ 
manure moisture)+1 gal leaked drinking Water+8 gal ?ush 
Water. 

[0049] As collected directly from the hog, fresh manure 
contains approximately 85% liquid and 15% “bone dry” 
volatile solids. Thus, a farm of 10,000 hogs yields the 
equivalent of 1,500 pounds of bone dry solids per day. One 
pound of bone dry solids has a heating value of 7 KBTUs, 
for a total potential heating value of 10.5 million BTUs per 
day. This energy Will be utiliZed to destroy the manure and 
the fumes and to evaporate a signi?cant portion of the excess 
WasteWater. If electricity Were used to provide this much 
energy at a cost of 3 cents per KBTU, it Would cost the 
farmer $115,000 per year. This equates to an unthinkable 
$5.20 addition to the cost of marketing each hog. Thus, 
Without a plan for manure energy utiliZation, a cleanup of 
this magnitude could not be achieved under current hog farm 
economics. 

[0050] An example of a WasteWater treatment plant siZed 
to handle a farm of 10,000 hogs Will noW be described in 
detail With primary reference to FIGS. 3, 4 and 6. As 
discussed above, FIG. 3 illustrates the major subsystems of 
the Waste processor 40 Which converts raW WasteWater to 
clean ?ushWater While Waste solids and gases are burned. 
The coarse slurry of raW Waste is pumped from raW Waste 
holding tank 38 through comminuter 56 Which shreds the 
solids, then mixes them thoroughly With the WasteWater. A 
shredding device used in seWage treatment and deemed 
suitable for this application is the T18500 Taskmaster Shred 
der from Franklin Miller, Inc. of Livingston, N]. 

[0051] FIG. 6 illustrates an integrated embodiment of 
separator 58 and dryer 80 Wherein the separator and dryer 
are encased in joined housings. Separator 58 includes a 
primary ?lter in the form of a rotating screen separator 60 
and a secondary ?lter in the form of a settling tank 90. 

[0052] Screen separator 60 includes a separator drum SD 
that is rotated by drum motor M through drum gear G While 
supported by drum bearing B. A continuous, integrally 
formed dryer drum DD Within dryer 80 receives Wet solids 
from separator drum SD in the manner described beloW, and 
rotates With the separator drum. Although shoWn as sharing 
a single drum, separator 58 and dryer 80 may utiliZe 
different drums, or may take other altogether different forms 
in Which they are independent non-rotational subsystems. 

[0053] The mixed Waste slurry from comminuter 56 is 
pumped directly onto the separator drum SD. This rotating 
drum includes a reinforced screen cylinder 62 With a mesh 
siZe appropriate for ?ltering hog Waste. A mesh siZe on the 
order of 75 microns has been found suitable. The drum has 
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a slight downward pitch which causes the solids thereon to 
fall forward (to the right in FIG. 6) at every drum rotation. 
Waste liquids, consisting of urine and ?ushwater, pass 
through the screen and fall into settling tank 90 below. Waste 
solids, the manure, advance along to the end of the separator 
where they enter dryer 80, with the manure residing on the 
rotating dryer drum DD. 
[0054] As received directly from the hog, manure has a 
natural moisture content of approximately 85%. The agita 
tion and tumbling effect produced in the separator drum 
drains the free liquid content, leaving the manure at the 85% 
moisture level. 

[0055] Drum screen 62 is cleaned, preferably by a con 
tinuous process throughout every rotation, by a row of 
forced air jets which are mounted to a bar 74 adjacent to 
drum SD and which runs the full length of the drum. In 
addition to cleaning the screen as it rotates over the air jets, 
solids within the drum are lifted by the forced air, causing a 
gentle tumbling action which aids in driving off unbound 
liquids. This “air scraper” is mounted at a position to 
promote best tumbling and drainage, such as approximately 
30 degrees after the bottom of the drum. The manure solids 
are subjected to the agitated tumbling effect for several drum 
rotations, giving adequate opportunity for optimum liquid 
drainage. 
[0056] As stated above, the separated wet waste solids 
from the separation process are dewatered in dryer 80 to 
reduce the moisture content to an acceptable level prior to 
incineration. As with the separator, the pitched rotating 
screen of drying drum DD advances the solids as the drum 
rotates. As shown in FIG. 6, the cleaning apparatus used 
with drying drum DD may be the same or similar to the air 
scraper design used with separation drum SD. 
[0057] Dryer 80 preferably is surrounded by a high 
temperature enclosure 84. Hot ?ue gases from the combus 
tor, containing no odorous or noxious components, are 
returned to the dryer where the gases heat the moist manure, 
driving off water vapor and waste fumes. If manure enters 
the combustor at 50% moisture content, its combustion 
would be self supporting, therefore requiring no additional 
support energy to burn. When the drying process does not 
achieve 50%, then some support fuel is added to the com 
bustion process. However, as shown immediately below, use 
of a moderate amount of support fuel has a very slight 
impact on the cost of taking a hog to market. 

[0058] If a pound of manure contains 0.85 pounds of 
bound water and the ideal moisture level for combustion 
were 50%, then the manure must be dried to a water content 
of 0.15 pounds. Therefore, 0.70 pounds of moisture must be 
driven out of each pound of manure which requires 700 
BTUs of heat energy. At 0.15 pounds of bone dry solids per 
pound of manure and 7,000 BTUs per pound of bone dry 
solids, 1 pound of manure contains 1,050 BTUs of heat 
energy. For an overall ?ue gas to dryer-stage heat transfer 
ef?ciency of 50%, 1 pound of manure would provide 525 
BTUs of drying heat. Propane, the most widely available 
fuel in agricultural areas, would provide the remaining 175 
BTUs. At $001 per 1000 BTUs, propane usage would cost 
$000175 per hog, per day. Thus, for an average hog life 
expectancy of 160 days, the added cost to market would be 
$028. 
[0059] All waste which passes through drum screen 62 
falls into settling tank 90 where a slow non-turbulent ?ow 
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permits the small waste particles to settle to the tank bottom. 
According to the manure settling characteristics of animal 
waste, more than 50% of the manure settles out within the 
?rst ?fteen minutes. To assure relatively complete settling, 
a settling interval of one hour preferably is provided; how 
ever, shorter or longer intervals may be used. The tapered 
form of tank 90 permits easy removal of the settled waste 
solids using a conventional screw feed mechanism 92. The 
wet solids from tank 90 are then transferred to the dryer 
drum DD by a sewage pump (not shown). 

[0060] After most solids have been removed, the waste 
liquid is cleansed, preferably in deodoriZer 94 where odors 
are quickly destroyed. In a preferred embodiment, the 
deodoriZer takes the form of an oZonation tank. OZone 
provides a reliable, low cost means to oxidiZe organic 
compounds. Common applications of oZone include treat 
ment of drinking water, swimming pools and municipal 
wastewater. It oxidiZes minerals, kills bacteria, viruses and 
algae, and removes unwanted color from the water. In this 
hog wastewater treatment application, oZone eliminates 
odors from the liquid waste stream in less than one hour. 
Following oZonation, the clari?ed, odorless liquid is suitable 
for re-use as ?ushwater and is stored in the clean ?ushwater 
reservoir 50. Operating costs of the oZone generation and 
distribution system over a 10,000 hog farm for the 160 day 
life of the average hog, the added cost to market would be 
less than $020 per hog. While various forms of oZonation 
equipment are commercially available, a model no. DO-20 
oZonation device manufactured by Finnegan-ReZtek Com 
pany of Wayne, N.J., USA is deemed satisfactory. 

[0061] Hot gases expelled in the waste drying process at 
dryer output 82 are a mixture of noxious fumes and water 
vapor. In a preferred manner of practicing the invention, the 
water vapor is extracted so that the fumes may be ef?ciently 
burned. A distillation-like process employing cooling, rather 
than heating, is used to extract the water vapor. To this end, 
a gas condenser 100 is utiliZed. Condenser 100 (shown in 
detail in FIG. 7) includes a heat exchanger 101 in which 
?ushwater F introduced by pump 103 at ambient tempera 
ture is used for a cooling source. Condenser 100 is set to 
operate at 1800 through a temperature control system 
including a temperature sensor 105 and a temperature con 
troller 109 that has a sensor ampli?er, voltage comparator 
and power switching circuit for enabling pump 103. The 
?ushwater ?ow through the condenser is constantly adjusted 
to hold the temperature of the condensed water ef?uent 
(conduit 111) at 180° F. Waste gases exit the condenser 
through conduit 115, also at 180° F. While a temperature on 
the order of 180° F. is believed to be optimal for gas 
separation, it will be appreciated that this temperature may 
be adjusted according to heuristic determinations of the 
system designer. 

[0062] Waste gases from all sources within the treatment 
plant 34 are drawn by the combustor intake draft-into a 
common plenum 110. Speci?cally, fumes from the covered 
raw waste holding tank 38, comminuter 56, separator 58, 
deodoriZer 94 and gas condenser 100 are drawn into the 
plenum from which they are drawn into combustor 120 
where they are burned along with the dewatered manure 
solids from dryer 80. The preferred combustor minimiZes 
particulate exhaust by employing a dual burn process 
wherein gases and particulates produced in the ?rst com 
bustion stage become fuel for the second combustion, stage. 
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Such a combustor that is deemed suitable is model no. 1250, 
manufactured by Decton Iron Works, Inc. of Milwaukee, 
Wis., USe. 

[0063] Mass Balance Analysis 

[0064] FIG. 4 shoWs a representative mass balance analy 
sis for the system described above as used in association 
With a 10,000 hog farm. FIG. 4 details the WasteWater 
treatment plant processes from the Waste slurry input to the 
resulting outputs, namely, clean ?ushWater and clean stack 
gases. 

[0065] The daily production of WasteWater is approxi 
mately 10 gallons per hog, consisting of 1 gal (urine+manure 
liquid)+1 gal leaked drinking Water+8 gal ?ushWater. A 
10,000 hog farm having an excess capacity factor of 20% 
Would therefore have to process 120,000 gallons of Waste 
liquids per day. Of all WasteWater entering the lagoon, Waste 
solids comprise 1% of the total. 120,000 gallons/day of 
Waste slurry translates to 417 lbs/hr of “bone dry solids” in 
the presence of 41283 lbs/hr of Water. 

[0066] The treatment plant’s Waste separation drum per 
forms a primary ?ltering of the Waste stream, capturing at 
least 60% of the input, or 250.2 lb/hr of bone dry solids in 
the presence of 1417.8 lb/hr of bound Water, While the free 
liquids drain into the settling tank. Of the 166.8 lb/hr of 
“bone dry solids” Which escape to the settling tank, at least 
60%, or 100.08 lb/hr Will settle out Within one hour and be 
recovered. 

[0067] Continuous cleaning of the separator screen is 
achieved by directing streams of compressed air at the 
rotating drum. As the How of cleaning air passes through the 
drum, it combines With odorous gases emitted from the 
Wastes Within. The combined gases are then exhausted to the 
combustor. 

[0068] Solids captured by the separation drum plus the 
solids recovered from the settling tank, amounting to 350.3 
lb/hr of bone dry solids in 1985 lb/hr of Water, is applied to 
the dryer drum. In the dryer, ?ue gases at 1500 degrees F 
mix directly With Wet solids, thereby vaporiZing about 1500 
lb/hr of Water. At this point, as the solids head toWard the 
combustor, the moisture content is approximately 58%. If 
desired, the moisture may be further reduced by increased 
residence time of the solids Within the dryer. 

[0069] 39,298 lb/hr of liquid Waste leaves the settling tank 
carrying 66.72 lb/hr of bone dry solid Waste. The liquid is 
then oZonated at deodoriZer 94 (optionally preceded by a 
secondary ?ltration process) before going to ?ushWater 
reservoir 50. 

[0070] Flue gases at 1500 degrees F are applied to dryer 80 
for deWatering the manure. Included in the gas stream is 739 
lb/hr of Water vapor. As the Waste is heated, 1500 lb/hr of 
moisture is evaporated, resulting in an exiting gas stream 
Which contains 2239 lb/hr of Water. Waste fumes also add to 
the gas stream as the Wet manure is heated. The Water vapor 
is removed at gas condenser 100, enabling the Waste fumes 
to be burned. 

[0071] FlushWater Alternatives 

[0072] Ideally, ?ushWater reservoir 50 should contain 
enough Water to Withstand the longest possible plant shut 
doWn and raW Waste holding tank 38 should have the same 
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capacity. In a prolonged shutdoWn insuf?cient reserves 
could result in total loss of ?ushWater, Which Would be an 
unacceptable situation. Three alternatives are considered: 

[0073] 1. Provide emergency repair services capable 
of restoring operation Within a limited time period, 
regardless of the problem. But this implies that 
replacement parts Will alWays be available, that there 
Would be no catastrophic plant failures, no labor 
stoppages, etc. 

[0074] 2. Provide suf?cient ?ushWater reserves and 
Waste holding capacity for the longest imaginable 
problem. But a leakproof reservoir and WasteWater 
holding tank of such great capacity Would be very 
expensive, and are not even likely to be used. 

[0075] 3. A simple, loW cost solution is provided in 
accordance With the invention. Reservoir capacity 
for a ?ve day supply of clean ?ushWater is provided 
Which is adequate time for most repairs. If the ?ve 
day reserves are depleted, ?ushWater Will be draWn 
from an alternative source, raW Waste holding tank 
38, through a manual, emergency enabled ?ushWater 
sourcing valve 99. Thus, under temporary emer 
gency circumstances, it is acceptable to utiliZe the 
raW Waste holding tank as though it Were a small 
lagoon. Note that the Waste holding tank Would be 
full When the reservoir is empty. As With a lagoon, 
?ushWater Would be draWn from a position some 
distance from Where the WasteWater is deposited. 

[0076] If suf?cient capacity at reservoir 50 is provided to 
Withstand a ?ve day shutdoWn, then emergency situations 
requiring recirculation of unprocessed WasteWater Will be 
extremely rare. Odors generated during the ?rst Weeks of 
shutdoWn are not produced by anaerobic decomposition, 
therefore, they are not very objectionable. Also, it is unlikely 
that more than one farm Would be doWn in any one area, 
therefore, the overall effect as seen by farm neighbors should 
be acceptable. 

[0077] Excess Plant Capacity 

[0078] Waste that has accumulated in raW Waste holding 
tank 38 during a plant shutdoWn should be processed 
promptly upon resumption of operation. The plant’s pro 
cessing and evaporation capability therefore is set at least 
20% higher than the daily Waste production rate. When the 
excess capacity is not required for reduction of the Waste 
tank backlog, it may be used in a retro?t installation for 
draining the discontinued lagoon. 

[0079] Reservoir Capacity 

[0080] As discussed, ?ushWater reservoir 50 should hold 
a sufficient supply of clean ?ushWater to Withstand a plant 
shutdoWn of several days. The reservoir must also store 
excess ?ushWater Which has not yet been evaporated. Capac 
ity for one month of non-evaporation may be provided. 

[0081] In a preferred embodiment for use With a 10,000 
hog farm, the total reservoir capacity is determined as 
folloWs: 5 days><(10,000 hogs><8 gals of ?ushWater/hog/ 
day><120% capacity factor)+30 days><(10,000 hogs><2 gals of 
freshWater/hog/day><120% capacity factor)=1.1 million gal 
lons. At 327,375 gal/acre-ft, a capacity of 3.3 acre-feet is 
required. This is implemented With a 12 foot deep pond 
having an area of 0.28 acres. 












