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(57) Abrégée/Abstract:

An Intermodal container, also known as an [SO Ocean Freight Container is suitable for the dual purposes of bio-containment and
also Intermodal shipping. Provision Is made for the introduction of water, oxygen or other liquids or gasses to be treated into the
container, for exit of liquids or gasses generated or converted in the container, and for the monitoring of biological processes
occurring within the container, all in a liquid impervious container. Improved air ducts and flow paths are provided, while the effects
of shrinkage and channeling are reduced, through a strategically placed and relative percentage of openings through the floor.
Further improvements in air distribution are achieved by an elimination or substantial reduction Iin percentage of opening through
the floor In areas iImmediately adjacent to the container side walls. The flooring incorporates a self-cleaning hole design which
Increases In diameter with increasing distance from the container contents. The increases In diameter may be achieved either
through smooth and continuous increases, or through discontinuous increments, though the objective regardless of the approach
IS to ensure that the holes do not clog either when the container is filled with matter, or when vibrated and jolted during handling
and transport.
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(57) Abstract: An Intermodal container, also known as an ISO Ocean Freight Container is suitable for the dual purposes of bio-
e containment and also Intermodal shipping. Provision is made for the introduction of water, oxygen or other liquids or gasses to be
v (reated into the container, for exit of liquids or gasses generated or converted in the container, and for the monitoring of biological
w={ processes occurring within the container, all in a liquid impervious container. Improved air ducts and flow paths are provided, while
R the effects of shrinkage and channeling are reduced, through a strategically placed and relative percentage of openings through the
& floor. Further improvements in air distribution are achieved by an elimination or substantial reduction in percentage of opening
& through the floor in areas immediately adjacent to the container side walls. The flooring incorporates a self-cleaning hole design
N\ which increases in diameter with i increasing distance from the container contents. The increases in diameter may be achieved either
through smooth and continuous increases, or through discontinuous increments, though the objective regardless of the approach is
3 to ensure that the holes do not clog either when the container is filled with matter, or when vibrated and jolted during handling and
transport.
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BACKGROUND OF THE INVENTION

1. FIELD OF THE INVENTION
This invention pertains generally to the field of bioconversion, and more particularly to a
bioconversion container which may be used for Intermodal cargo transport and alternatively for

bioconversion of matter.

2. DESCRIPTION OF THE RELATED ART

While landfill space is dwindling or becoming more costly or distant, industrial and
municipal waste production is increasing. Furthermore, an ever-increasing variety of materials are
developed and introduced into the waste stream. Consequently, the safe disposal of liquid, siudge
and solid waste is continually more challenging and complex.

Composting, which, for the purposes of this disclosure will be defined as “the use of living,
aerobic and or anaerobic microbial organisms to convert solids and liquids into moré
eﬁvironmentally safe and/or beneficial by-products,” is a potentially viable alternative to landfills
for the disposal of organic materials from nearly all waste streams. Composting can be used, for
example, to process municipal wastewater biosolids, to remediate industrial wastewater solids, and
to treat wastes and by-products from processing food and agricultural products. Compostin g can
reduce the volume of organic waste materials by 50% or more, yielding a stable, non-odorous
material that can be used as fertilizer or as an amendment for soil.

Betore about 1970, composting was typically a simple process in which waste materials were

piled and allowed to sit until they decomposed. It was most frequently done on a small scale and was
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not often considered for industrial-scale problems. Grinding the material to be composted was
considered advanced technology.

An advance in composting technology came from the realization that adding air to the
composting mixture could increase the efficiency of composting. The microbes that produce compost
require air and will smother inside of a static unaerated pile. Hence, the initial methods of aeration
involved moving or agitating the compost to allow air into the stack.

A typical example of this aeration 1s a windrow turner that picks up the compost and dumps
it to one side. Many municipal composting sites are currently windrow turner operations, though
process control is, unfortunately, quite primitive. Piles are typically turned at the convenience of the
operator, rather than to optimize the composting process. A typical pile of compost will use all of
its oxygen within about one-half hour, so such windrow turning is seldom related to actual oxygen
demand. Turning is done seldom enough that microbes in the center of the pile are rapidly depleted,
and the center of the pile stops composting. Turning the pile merely re-inoculates the center material

with fresh microbes, and composting continues in the center of the pile for another one-half hour

when the oxygen supply is, once again, depleted. Unfortunately, the repeated mechanical actioils
that are required for turning destroy some beneficial fungi that rely on large, filamentous growth. In
addition to the oxygen and mechanical problems introduced by a windrow system, composting with
windrow turners is typically done in an open, unsheltered area. The vagaries of weather and rainfall
most often determine the water content of the composting mass. When there is too little rain, the pile
is too dry. When there is too much rain, the pile is wet and requires frequent turning. Too much faih -
can also lead to problems with runoft of leachate.

One method used to overcome some of the disadvantages of pile composting 1s to enclose

compost piles in a building. An enclosure that keeps rain off of the compost allows better regulation
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of water content. However, such a facility 1s very expensive. Furthermore, with pile composting,

various irritating and potentially toxic gases are sometimes produced. Since operators must enter the
enclosure to maintain the composting process, enclosing compost also involves maintaining the
quality of large volumes of air within the building. Without high-quality and high-quantity air
handling systems, the atmosphere within an enclosure can be irritating, if not toxic, to an operator.

Some of the disadvantages of pile composting are overcome by more modern reactor vessel
processes. By design, the reactor vessel is typically only slightly larger than the compost which it
contains. This reduces the land area required to store the compost during the composting process.
In addition to reduced land area, the total volume containing or enclosing the compost 1s also
reduced. Lower total volume means reduced air handling requirements. Furthermore, in-vessel
reactors also provide the opportunity for collection of potentially odorous emissions. The compost
is enclosed, and exhaust air may be routed through a filtration system. This separation of operator
from compost air benefits the health and safety of all operators. There are other benetits, beyond

land space and air handling, from reactor vessels. Handling and mixing, which is required in all

systems, can also be mechanized using reactor vessels, and the compost is enclosed.

In-vessel systems may be used not only for composting, but also for other bio-conversion
processes. Bioconversion describes the conversion of matter using biological processes either
wholly or at least in part. While not limited solely thereto, bioconversion includes not only such

processes as aerobic and anaerobic composting, but also bio-filtration, bio-remediation and other

biological conversions.
While bioconversion processes may be conducted in very small laboratory containers, to be
of economic value these processes require large vessels or containers. Nevertheless, these processes

are still performed in relatively few locations and so the demand for such vessels or containers 1s

3
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relatively small. Consequently, many artisans have designed custom containers and have fabricated
these custom containers in relatively small quantities.

Unfortunately, many vessel systems are complicated systems which require precision
construction techniques and permanent, stable foundations. This necessarily drives the cost of reactor
vessels systems to levels even higher than required for building-type enclosures. In exemplary prior
art systems, organic waste is fed into an opening at one end of the reactor and compost is removed
from the other end. The material is moved through the reactor by, for example, a complex moving
floor apparatus or hydraulic ram. Aeration is sometimes provided by pressurized air forced through
the organic waste from air vents located throughout the moving apparatus.

Some in-vessel systems also include mixing systems, typically rotating paddles or prongs,
within the compost mass. Other in-vessel systems are static. The agitation systems used with in-
vessel systems are expensive, prone to wear and failure, and provide agitation at intervals that are
not readily controlled with respect to the progress of the composting process.

At the present time, bioconversion processes are only marginally cost-effective. For
essentially all bioconversion processes, there is at least one mechanical or chemical counterpart, and
these mechanical or chemical counterparts often times require less capital or less operating expense.
However, many of these mechanical or chemical counterparts are parts of much larger, h gher
volume systems or operations. As but one example, in the waste disposal industry there are literally
millions of roll-offs and Intermodal containers which are produced in factories which have been
designed to keep the cost of fabrication at a minimum level. While the bioconversion processes
themselves have been optimized to both lower costs and produce valuable products for sale, 1t has
heretofore been very difficult to provide containers which would keep costs competitive with basic

roll-offs, Intermodal containers, and landfill garbage handling.

4
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A few artisans have heretofore incorporated garbage roll-off containers and Intermodal

shipping containers into the design of bioconversion systems. Exemplary of this are United States
patents 6,281,001; 6,524,848; and 6,627,434; each by the present inventor and the teachings of

each which are incorporated by reference. While the basic containers are then obtained at much
more competitive prices, and the handling equipment 1s 1n many cases already available, there has
still remained a substantial expense in retrofitting these containers.

In the prior art, one typical retrofit sequence has been the application of a solid subfloor such
as a steel or other plate or layer as a replacement for or on top of the commercial wooden floor, or
the application of a sealing coating onto the wooden floor. Next, a set of spacers would be provided
along the length of the container, but not extending quite to an inlet end. Onto these spacers would
be provided a floor which would typically be arelatively open grating of perforated metal or the like,
through which ventilation air would pass up into the container interior, and also through which
leachate liquid would pass down from the container interior. At the inlet end of the container, and

in the gap between subfloor and floor provided by the spacers, would then be an inlet through which

ventilation air would pass. Since the spacers did not extend fully, the inlet air could pass at this end
between any of the spacérs freely. From the inlet end, the air would then pass along the length: of
the container, often times forty feet in distance, and at any point along the length would pass through
the openings in the floor and into the container interior. To collect the leachate, a drain would be
provided at one end of the container, typically adjacent the inlet, and for exemplary purposes formed

by enclosing the last two beams to form a reservoir or sump into which the leachate could pool, such

as illustrated in Figures 4 and 5. Most typically, within the container interior would be organic
matter, and the air would be slightly pressurized above ambient to pass interstitially through the

organic matter. Undesirably, this retrofit requires substantial on-site labor and additional materials,
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the combination which substantially increases the cost of a container. In addition, the retrofit

container would no longer be compatible for shipping purposes, since the new floor would

necessarily be elevated several inches higher than the original floor. In addition, the elevated
perforated floor would not support shipping loads.

Furthermore, as the prior art container is elongated even to forty-five and fifty-three foot
lengths or more, which helps economically in processing costs, and also even at typical twenty to
forty foot lengths, the air distribution through the organic matter becomes undesirably inconsistent.
The present inventor has determined that, as distances from the inlet port increase, there 1s a
measured and detrimental decrease in air flow through the mass. The twenty and forty foot lengths
are undesirably long.

One area of concern with this prior art approach is the floor of the vessel. In the prior art
Intermodal containers, these floors are typically special plywood which is attached onto a channél
or beam floor using screws or bolts. The beam supports are commonly open on the bottom side, and
a bituminous coating is typically applied to render the flooring relatively water-tight, and thereby
compliant with ISO standards.

To render such container useful for bioconversion, the flooring is perforated. This may be
done by adding a second “false” floor raised above the wooden flooring as described above, or by
directly perforating the wooden floor. The container may then be filled with biomass, and air
introduced into the container through the floor. Leachate will simply drain out through the
perforations, and may then be collected for removal. Unfortunately, the wooden floor is not resistant

to bioconversion products. Perforations, nail holes and any other surface damage will lead to
accelerated decomposition or failure of the floor. This surface damage may simply be a result of the

insertion of the biomass, though many other processes are also known to cause surface damage,
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including the common practice of anchoring cargo within an Intermodal container by nailing the

cargo to the container floor.

Once the container floor has been perforated, whether for ventilation or by decay, the floor
is not water-tight or air tight. When a false floor is incorporated, there is substantial risk of damage
to the original floor, such as accidental ignition during welding. Additionally, the container
corrosion resistant coatings are necessarily damaged during installation of the false floor. Finally,
the false floor requires internal space, and the container will no longer meet ISO size standards.
Whether caused by perforation porosity, decreased dimension, or container damage, the end result
is that containers once converted no longer meet the ISO requirements, may only be useful for
bioconversion, and may have undesirably short life expectancy.

Not only has prior art conversion permanently altered the use of a container and jeopardized
the container integrity, such conversion has also involved many hours of high-cost labor oﬂen
provided directly at a job site. Consequently, it has heretofore been impossible to achieve the cost
benefits that are associated with factory production. This has, in turn, driven the capital costs of
installing a bioconversion system higher than desired.

Another cost associated with the prior art has been the biological processing time desired for
the bioconversion process. Composting processes such as those described by the present inventor
in the patents incorporated herein above by reference, which are among the most rapid in the
industry, still require two to three weeks for an initial high temperature phase of composting to
occur. There may be an additional curing period that may last two to three months. During this
period, the container is being used and has heretofore been unavailable for other benefit or value. AS
a result, there remains a need for an improved and economical bioconversion container which 1s

convenient, low-cost, efficient, and scalable.
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SUMMARY OF THE INVENTION
In a first manifestation, the invention is an Intermodal container suitable for both shipping

and bioconversion container, comprising a subchassis having a subframe defining a length, width
and height, a top and bottom spaced by the height. The subframe has ventilation and drainage holes
passing through a subframe exterior. Beams extend laterally within the subframe across the width.
The beams have holes through which ventilation and drainage may pass. A subfloor is sealed with
and adjacent to the bottom of the subchassis. A perforated floor is adjacent the top of the subchassis.

In a second manifestation, the invention is a method of converting an Intermodal container
to an Intermodal container suitable for both shipping and bioconversion container. According to the
method, suitable ventilation and drainage holes are formed in a subchassis. A floor adjacent a first
surface of the subchassis is perforated. A subfloor is coupled adjacent to a second surface of the
subchassis distal to the first surface.

In a third manifestation, the invention is a bioconversion container having replaceable smooth
side walls.

In a fourth manifestation, the invention is an array of Intermodal containers each separately
forming liquid tight containers. Means are provided for coupling ones of the array to others.
Ventilation is provided into ones of the containers. The containers are oriented with an opening into
each container elevated, and the liquid tight container situated beneath the opening, suitable for

containing bio-matter.

OBJECTS OF THE INVENTION

Exemplary embodiments of the present invention solve inadequacies of the prior art by

providing a modified subchassis and subfloor, and a replacement iloor to a prior art Intermodal

8
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container. Specially tapered perforations are formed in the replacement floor. Depending upon the

application, special side walls may be provided, with or without additional thermal insulation. The
modifications in accord with the invention may be provided as a retrofit to existing commercial ISO
standard Intermodal containers, or may be made during fabrication of the container. The novel
containers to be useful for both bioconversion and Intermodal cargo shipment.

A first object of the invention is to modify a container in a way which complies with ISO

standards for Intermodal containers, to permit the container to be used for both bioconversion and

as an ISO standard Intermodal container. A second object of the invention is to provide a perforated

floor within the container which comprises self-cleaning holes. Another object of the present

invention is to ensure adequate and even air distribution throughout the container, when containing
biomass. A further object of the invention is to reduce the percentage of perforation openings
required. Yet another object of the present invention is to provide flooring which permits loaders
and scrapers to add or remove material directly therefrom, without damaging the tlooring or

perforations.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other objects, advantages, and novel features of the present invention can

be understood and appreciated by reference to the following detailed description of the invention,
taken in conjunction with the accompanying drawings, in which:

FIG. 1 illustrates a preferred embodiment sub-floor beam framework designed in accord with

the teachings of the invention from top plan view.

FIG. 2 illustrates the preferred embodiment sub-floor beam framework of FIG. 1 from a

projected plan view.
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FIG. 3 illustrates one individual beam used in the preferred embodiment sub-tloor beam

framework of FIG. 1 from front plan view, further showing the individual “mouse holes™ or cut-outs
that are provided for drainage and ventilation.

FIG. 4 illustrates a preferred floor panel designed in accord with the teachings of the present
invention from top plan view.

FIG. 5 illustrates the floor panel of FIG. 4 in further combination with a portion of the sub-
floor beam framework of Figures 1 and 2.

FIG. 6 illustrates the preferred embodiment floor panel of FIG. 4 in further combination with
the sub-floor beam framework of Figures 1 and 2 from sectional view from an end;

FIG. 7 illustrates the combination of FIG. 6 from side sectional view.

FIG. 8 illustrates a partial sectional vicw of a preferred combination Intermodal and
bioconversion container designed in accord with the teachings of the present invention, and further
illustrating two alternative methods of providing ventilation to the subchassis.

FIG. 9 illustrates a preferred embodiment self-cleaning hole designed in accord with the
teachings of the present invention and used within the preferred floor panels illustrated in Figures
4-8, and specifically taken from enlarged sectional view 9' illustrated in FIG. 8.

FIG. 10 illustrates a prior art perforation hole from enlarged sectional view comparable to
that of FIG. 9.

FIG. 11 illustrates a first embodiment insulated wall designed in accord with the teachings

of the present invention, while FIG. 12 illustrates a second embodiment insulated wall from similar

partial sectional view.

FIG. 13 illustrates a first embodiment check valve designed in accord with the teachings of

the present invention, 1n an open state.

10
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FIG. 14 illustrates the first embodiment check valve of FIG. 13 in a closed state.
FIG. 15 illustrates a second embodiment check valve designed in accord with the teachings

of the present invention.
FIG. 16 illustrates an array of containers designed in accord with the teachings of the present

invention from a projected view.

DESCRIPTION OF THE PREFERRED EMBODIMENT

Manifested in the preferred embodiment, the present invention provides an Intermodal
container, also known as an ISO Ocean Freight Container, that is suitable for the dual purposes of
bio-containment and also Intermodal shipping. Either purpose may be selected by an end-user
without structural altcration, while remaining in compliance with all applicable national and
international standards. With regard to Intermodal requirements, this means the container must float
in water for 24 hours, and that cargo may be nailed to the floor to prevent undesirable motion during
handling and transport. For the purposes of the present disclosure, the reviewer will be assumed to
be familiar with existing ISO standards and prior art containers, and, if not, is directed herein to the
many resources on the same including the ISO standards themselves. With regard to a bio-container,
two uses are described though any suitable bioconversion process is contemplated herein. One
preferred application is to a semi-solid biomass such as feedstock for composting that may including
food production residuals, manure, forest products, and biosolids. The other preferred application
is to a liquid or semi-liquid biomass such as wastewater to be treated or semi-liquid waslewater, food
processing or manure solids.

Existing Intermodal containers are only marginally watertight. The typical 28mm plywood

floor is made from sheets that are not fully sealed at their joints or against the container wall,

11
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enabling water infiltration or leakage. In addition, the typical Intermodal door gasket design is

configured to preventﬁwater infiltration, not water containment. A preferred embodiment container
designed in accord with the teachings of the present invention will not only prevent water infiltration,
bu will also keep water and gases in the container, except where intentionally vented or released.

In addition, provision must be made for the introduction of water, oxygen or other liquids or gasses
to be treated into the container, for exit of liquids or gasses generated or converted in the container,
and for the monitoring of biological processes occurring within the container.

In order to overcome the limitations of the prior art, a most preferred embodiment sub-frame
100 designed in accord with the teachings of the present invention is illustrated in Figures 1 - 3. As
may be observed therein, the basic structure of the floor may be preserved. Sub-frame 100 may be

primarily fabricated using existing equipment. However, additional ventilation holes 137 and

“mouse holes” 135 will be provided in C-channels 130.

If required for adequate strength, it is possible to provide either less spacing between C-
channels 130, or heavier materials for cach individual beam. In practice however, the present
modifications may be made without further change in weight or design of C-channels 130. More
particularly, as may be seen in figure 2, mouse holes 135 are formed near the bottom of the beams.
Mouse holes 135, so named for their physical resemblance to cartoon mouse holes, permit the
passage of air laterally to the beams, or longitudinally through the container. At the same time;
leachate may also pass between. In addition, when arranged in a linear manner as illustrated in

Figure 2, these same mouse holes 135 may be used to insert a spray wand or the like, where a

resealable access port of like geometry is provided in the outer sub-frame members. The spray wand
may then be used to clean out any debris or residue that might otherwise accumulate within sub-

frame 100, simply by inserting a spray wand progressively through each sequential mouse hole, and

12
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thoroughly washing.
In addition to mouse holes 135, secondary ventilation holes 137 are provided at a slightly

higher elevation within C-channels 130. These secondary ventilation holes 137 assist, in the event
that mouse holes 135 become clogged, with the conduction of air throughout sub-frame 100.

In the frame surrounding the beams or C-channels 130, there will most preferably be
provided a combination of ventilation holes 120, typically for the inlet of air, and also a set of
leachate drain holes 110. Ventilation holes 120 will preferably be provided slightly above drain
holes 110, thereby ensuring that any leachate generated drairis through the intended outlet and does
not foul or otherwise interfere with the inlet. As discussed herein above with regard to the spray
wand clean-out access ports, these inlets and outlets will preferably be sealed ports such that when
not in use, they are cappcd against the passage of either gasses or liquids, and that, when 1n use, a
similarly gas and water tight coupling is provided to the associated utility, such as a drain pipe or
blower pipe.

The particular number of ventilation holes 120 and leachate drain holes 110 about sub-frame
100 is not as critical to the proper conduction of inlet gas, owing to the presence of mouse holes.
As illustrated in Figure 2, ventilation holes 120 and leachate holes 110 are preferably provided on
both sides of the container. However, these holes may, for exemplary purposes, be provided only
on one side of the container, thereby leaving every other space between beams serviced only through
mouse holes 135. Likewise, it may be desirable to place holes entirely on one side, and into every
space between beams. In other instances, it may be desirable to place inlets on one side, and drains
on the other. In such case, it may be possible to provide a slight operating tilt to the container, and

lower or expand ventilation holes 120 such that they are adjacent the subfloor, similar to drain holes

110. Other suitable combinations, too numerous to specifically mention, will be apparent from the
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foregoing. Nevertheless, by providing ventilation holes 120 along the side(s) ot the container, using
the existing beams, the distance from an inlet port is substantially reduced from the prior art twenty

to forty feet, thereby improving the consistency of ventilation flow through the container contents.

Alternative flooring material, sub-flooring, and elastomeric gaskets or other suitable seals
in the preferred embodiment replace the bituminous coated plywood used in existing Intermodal
containers. Bituminous-coated plywood of the prior art keeps the containers only relatively water
~ tight, but repeated exposure to moisture, biologically active agents, and the products of bio-
conversion rapidly destroy wood. Furthermore, the need for ventilation in bio-container flooring
prevents the flooring from serving as the sole water barrier when the dual purpose container is used
as an Intermodal container.

Figure 4 illustratcs the preferred flooring 140, which in the prefefred embodiment will be
fabricated from polymers, and will preferably be provided with a large number of relatively small
perforations 142 extending from one major face to the other. These perforations permit air,

condensate and leachate to pass through the flooring. The number, placement and geometry of these

perforations is not critical, but will normally take into account the desired tlow of matter 1n either
direction. More particularly, the present inventor has recognized that, as biomass 1s compo sted, there
is a common tendency towards separation of the biomass from container sidewalls. To prevent this
type of channeling of air flow from adversely “short-circuiting™ proper ventilation and instead
passing the air between the side walls and the biomass, the preférred embodiment will most
preferably be provided with fewer, if any, perforations 142 adjacent to the container side walls.
Fabrication from adequate material will permit flooring 140 to be used not only for

bioconversion, but also for the support and anchoring of freight. Most preferably, flooring 140 will

be easily cleaned, such that the container may be used first for bioconversion and then, fOllowing a
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simple cleaning, used for cargo. While plastic such as polypropylene or other suitable material 1s

preferred for the foregoing reasons, the present invention is not so limited. Other materials including

composites, coated or stainless steel, or any other suitable materials, whether coated or uncoated and
laminated or solid, are also contemplated herein.

As illustrated in figure 5, flooring 140 may be fabri cated in relatively small tiles, such as a
few feet on a side and approximately one to one and one-quarter inches in thickness. This flooring
is then sized and comparable to the existing flooring found on many prior art Intermodal containers,
but is resistant to degradation by organic acids, microbes and the like that may commonly be found
in a bioconversion container. A number of materials are known which would be suitable in the
present application, including polyethylene of all densities and molecular weights, polypropylene,
polyvinyl chloride (PVC), and many other plastics too numerous to mention. The sizes of tiles used
for installation will also be determined at the time of design by a designer, and will take into account
availability and prices of different sizes of tiles, as well as equipment already available and laborers
already trained for installation. It is commonplace in the industry to provide flooring tiles of
different sizes within a container, often times simply to avoid seams that are extensive and which

might then weaken the structure.

The flooring tiles 140 are most preferably anchored using stainless steel or equivalent
fasteners, to ensure suitable corrosion resistance to the organic acids and the like which are
commonly produced or found 1n bioconversion containers. A square or socketed head fastener will

reduce the chances of stripping that might otherwise occur after the container has been used for a

bioconversion process.
The preferred subchassis, which is comprised primarily by subframe 100, flooring 140, and

subfloor 150, is illustrated in Figures 6 and 7, by end and side views, respectively. As evident
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therein, subfloor 150 seals the container against any leakage of either leachate or pressurized

ventilation air. Since flooring 140 has relatively small perforations therein, into which some

undesirable matter will undoubtedly pass, it will be desirable to make either floor 140 or subfloor
150 removable. This may be achieved by either bolting subtloor 150 to subframe 100, and then
providing a gasket for subfloor 150 to achieve the requisite sealing, or providing some other type ot
seal. Most preferably, the seal selected will be removable and reusable though, since when the
container is used for bioconversion there will be occasions where it may be desirable to remove
either subfloor 150 tfor diréct access for cleaning. More desirably, subfloor 150 will be welded to
subframe 100 to form a water-tight seal therewith, and small tack or spot welds will be used to
couple subfloor 150 to C-channel legs 134. By using welds, subtloor 150 will not be removable.
Instcad, subfloor 150 will become a part of the strucfural integrity of subframe 100 and the bhalance
of the container, adding substantial strength thereto. Any strength which is lost by the formation of
mouse holes 135 and ventilation holes 137 can be more than offset by a properly designed,
dimensioned and rigidly attached subfloor 150. Necvertheless, and if so desired, both floor and
subfloor may be permanently attached, since in any case cleaning can be eftected through ventilation
and mouse holes 137, 135.

Structural integrity of a container designed in accord with the present teachings has been
improved by introduction of sub-floor 150. Consequently, flooring 140, which in the prior art served
as a critical structural component, does not require the large number of fasteners of the prior a"rt;
Flooring 140 may therefore in the present invention be removed more readily to permit cleaning of
air channels. The reduction in fasteners also results in reduced parts cost and assembly time. The

sub-floor 150 may be flat, or alternatively may be corrugated or of other geometry as would be

determined by a reasonably skilled designer. In addition, in some cases sub-f{loor 150 may also
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replace separate bases or railings that are required for some types of containers. Examples are roll-
off containers, which require special rails. A suitably designed sub-floor would alleviate the need

for such separate railings.

Flooring 140 may be a combination of plastic strips and wooden strips, and is not limited
solely to one or the other. For some applications, such as where fork lifts, other wheeled vehicles,
and even personnel must traverse the flooring, a combination of flooring materials may offer much
advantage. Flooring 140 may also be made from perforated steel, particularly salvaged side walls
from other containers, which while may not make the bio-container usable as an ISO container, can
still enable it to be used for transportation.

The ventilation mouse holes 135 are aligned to facilitate clean-out. Nevertheless, using the
preferred combination of flooring and fasteners, clean-out may also be accompli shed by removihg
the floor. The flooring fasteners are preferably square drive, socketed head or the like to reduce
failures from clogging or corrosion that plague Phillips head ftasteners.

At the time of fabrication, it may be desirable to provide either knock-outs or threaded holes

with plugs in them for each of the ventilation holes 120 and drain holes 110. Knock-outs will be
understood to be scribes or regions of predefined weakness, which may readily be punched out to
form the opening. In such a case, an installer will have the flexibility to select which holes to providc
connection through, without additional labor being required. More preferably, removable caps will

be provided, such as may be threaded in place or bolted on, to provide tor switching the container

between Intermodal cargo application and bioconversion application.

Many containers, both Intermodal and otherwise, still provide forklift access points 170
within the containers. These forklift access points 170 are commonly simple boxed off portions of

subframe 100 as illustrated in Figure 6. In order to provide the desired air flow through subframe
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100, mouse holes 135 and secondary ventilation holes 137 must still be formed therein. In addition,

since this portion of the subframe is normally fabricated with openings to the exterior designed to

receive the forklift tines, suitable caps must be provided for closing off these forklift access points.
For many ISO standard containers, these forklift covers may be designed to incorporate suitable
coupling to ventilation pipes as, for example, described in my previous patents incorporated herein
above by reference, and so may include pipe couplings or the like. Most preferably, caps having
appropriate pipe couplings are provided with adequate gaskets to couple and seal the openings during
bioconversion and Intermodal use, but which then also permit removal for those few times when
forklift access is desired.

Figure 8 illustrates the subchassis with proportionally enlarged ventilation features. There
is no predetermined proportionate size for these features, and a designer will determine the most
desirable proportions in accord with the flow of air or other gasses that will be required for a given
application. In the most preferred embodiment, as little as two percent of the floor 140 is comprised
by perforations 142. In contrast, many of the prior art bioconversion tloors comprised more than
thirty percent perforations or openings.

While a large number of couplings for ventilation holes 120 and drain holes 110 may be
provided as illustrated in Figures 2 and 6, Figure 8 illustrates two alternative mcthods for coupling
to the various inlets and drain holes. In one embodiment, the ordinary C-channels 162 which
terminate sub-frame 100 may simply be capped using an appropriately dimensioned C-channel 164
to form an enclosed rectangular conduit. An ordinary Intermodal container also includes couplings
166 at each corner that are preferably left undisturbed by the present invention. An additional

closure for each end of the rectangular conduit formed by C-channels 162, 164 will thenbe provided,

to form an enclosed air passage, to which at any one or more point, but at required at one point, the

18



CA 02683202 2009-10-05
WO 2007/118248 PCT/US2007/066271

appropriate drain or inlet may be coupled. A second alternative coupling is provided by pipe 170,

which is fabricated with appropriate coupling tubes 172 to pass into sub-frame 100. With the

various coupling options, air can be delivered from sides or ends of the preferred embodiment containers.

Figure 9, which is an enlarged sectional view taken from line 9' of Figure 8, illustrates that
the preferred embodiment incorporates, but is expressly not limited to, self-cleaning hole 142. As
illustrated therein, floor 140 has perforation 142 formed therein. Adjacent the interior of the
container, against which cargo or biomatter will rest, is the top side 144 of perforation 142. Distal
thereto, and therefore not immediately supporting ca:rgé or biomatter, is bottom side 146 of
perforation 142. Most preferably, perforation 142 increases in diameter from top side 144 to bottom
side 146. The purpose of this taper is to ensure that any matter which passes into perforation 142
will be more likely to not to get trapped therein and block the perforation, but instead be dropped
through perforation 142 with reduced resistance. By making the taper gradual and consistent, there
is little opportunity for matter to become lodged therein.

While this taper is preferred to be a gradual and consistent taper as illustrated in Figure 9, in
some instances the fabrication of consistent dimensions may be more complex than a particular
fabricator may prefer. This taper may alternatively be formed from a larger hole drilled partially
from the bottom surface towards the top, and a smaller hole drilled partially from the top surtace
towards the bottom, such that the two holes overlap. Such fabrication results in a discontinuous or
step-wise transition between smaller and larger diameters, but utilizes standard drill bits and is still
more effective at reducing tendency for blockage of perforations 142 (han a stral ght hole. Thc
objective, regardless of the approach, is to ensure that the holes do not clog either when the container

is filled with matter, or when vibrated and jolted during handling and transport. In contrast, Figure

10 illustrates a prior art composting floor 40 which uses ahole 42 having equal diameter al both ends
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44, 46. The prior art hole 42 is more prone to clogging, necessitating an increased percentage of

perforations in floor 40 than required in tloor 140.

When operated as a semi-solids bio-container, air is evenly distributed throughout the
container, regardless of the size of the container. Improved air ducts and flow paths are provided,
while the effects of shrinkage and channeling are reduced, through a strategically placed and relative
percentage of openings through the floor. Further improvements in air distribution are achieved by
an elimination or substantial reduction in percentage of opening through the floor as compared to
conventional “punch plate” perforated metal or steel or plastic grates in areas immediately adjacent
to the container side walls.

When operated as a primarily liquid-processing bio-container, such as a wastewater clarifier
or biofilter, biofiltration media such as inert rocks, plastics, pcat, activated carbon, cured compost
or other semi-solid media can be placed over the perforated floor enabling water removal below.
The perforated floor can also serve as a gravity separation tank, either as-is with the perforated tloor,
or in conjunction with removable filter fabric placed on top of the perforated floor. Thickened solids
can subsequently be removed by dumping or by end-loader. In the water containment option, 'the
gaskets of the container will be two-way seals, preventing water from leaking from the doors.

Bio-container walls must withstand a combination of corrosive by-products of bio-conversion
and abrasion from diverse materials and articles during filling and emptying procedures. In addition,
the corrugation of the existing container side walls may not facilitate emptying of the bio-container
through dumping, requiring a smooth side wall. In accord with the present invention, the walls of

the preferred embodiment will be smooth, corrosion resistant, and, for application in cooler climates
or for maintenance of optimum temperatures, also thermally insulated. They will preferably also be

replaceable and reversible, such that extended life may be obtained from the initial wall materials.
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In one embodiment, clad panels with either foamed insulation polymer cores or polymer air-bubble

cores are used to form the walls. In many cases, the existing epoxy coating and Cor-Ten™™ steel
walls may be sufficient corrosion or abrasion barriers.

Figures 11 and 12 illustrate two alternative embodiment wall liner and insulation
embodiments. Illustrated in Figure 11 is an ordinary slightly corrugated Cor-Ten™ container wall,
which is lined on the interior thereof with removable insulating liner 180. Liner 180 1s most
preferably a sandwich, having a foam or otherwise insulating core 186 and two faces 132, 1384.
Faces 182, 184 will most preferably be fabricated from coated, corrosion resistant steel, a sufficiently
durable plastic, or other suitable material. Where the core 186 and faces 182, 184 are fabricated to
form a single securely adhered laminate of suitable materials, the resulting liner 180 has substantial
strength, which is required for this application as illustrated. During use, these liners tend to wear
very unevenly, with the greatest wear and abrasion occurring within a container near to the tloor and
also adjacent the door. By making these liners removable, the liners may be reversed both front to
back and top to bottom, and also inside out. The end result is a liner which lasts as much as four
times as long as a prior art fixed liner.

Figure 12 illustrates a second alternative embodiment wall liner and insulation. In this
embodiment, wall 160 is directly overlaid with suitable insulation 190, which in this embodiment
may preferably comprise aluminum foil 192, 194 clad on both sides of plastic bubble wrap 196, the
product which is commonly sold as a building and construction insulation material. Since the
resulting foil cladding 192, 194 is not sufficiently strong to withstand abrasion, a separate liner 198
must be provided. Once again, liner 198 may be removed and either rotated or replaced, as required.

Passive aeration through natural convection, even during shipping and transport of an active

bioconversion container is contemplated. Where Intermodal flotation requirements must be met,

21



CA 02683202 2009-10-05
WO 2007/118248 PCT/US2007/066271

check valves or the like may be provided within the air and drainage lines for tlow control, and a

fully powered blower system may be required. Figures 13 and 14 illustrate a first embodiment flow

valve 200 suitable for use in such case in combination with the present apparatus illustrated in the
prior figures. In this embodiment, an air or drain line has an inlet 210, an outlet 220, and a general
flow direction illustrated by flow line 230. A ball 240 is free to move between inlet 210 and 220,

and is acted on by flow 230 through friction and fluid drag, but is for exemplary purposes fabricated

from a ferrous material. An electromagnet 250 is provided adjacent to ball 240, such that forces of

attraction 255 serve to maintain ball 240 generally centered within flow valve 200. In the event the

Intermodal container is dropped or disconnected from a vessel, electromagnet 250 will lose power,
and ball 240 will be carried by flow 230 into a position blocking outlet 220, effectively sealing the
container as requircd by Intcrmodal specifications.

A second alternative embodiment flow valve 300 is illustrated in Figure 15. As shown
therein, inlet 310 carries flow 330 through membrane 340 to outlet 320. Membrane 340 1s most
preferably a hydrophobic membrane which is also microporous. One exemplary material for
membrane 340 is known commercially as Gore-Tex™, though there are many commercially
available alternatives. These membranes are known to permit the flow of air, vapor and other gasses,
while blocking the flow of liquids. In this way, air may be pumped through flow valve 300 while
an Intermodal container designed in accord with the present teachings will remain water ti ght
~ according to ISO specifications. As may be apparent from the disclosure herein of flow valves 200,
300, any known suitable liquid check valves may be used, and these embodiments are simply
provided as two of many suitable means of illustrating how to provide aeration during bioconversion

while still preserving the ISO required water-tight container.

Where only a curing cycle is required, and where the shipping duration is not too great, or
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if the container is used for fermentation or anaerobic digestion, oxygen demand may be low enough
to not require additional ventilation and drainage. In such instances, either passive ventilation may

be used or the container may be completely sealed. The floor design also facilitates temperature
control, adding heat for anaerobic digestion, removing heat where necessary, and for the exchange
of warm air from aerobic digestion to containers requiring heat such as anaerobic digestion.

In one conceived application, containers designed in accord with the teachings of the present
invention may be used as digestion or treatment tanks. Owing to the fully water-tight constructions
of the preferred embodiment, includihg the incorporation of sealed sub-floor 150 and a two-way

water seal around the door, containers designed in accord with the teachings of the present invention

may be used at any suitable angle of orientation. Figure 16 illustrates an array of containers 10
placed on end. According to this conccpt, a large and indeterminate number of containers 10 are
coupled together. In this case, the door and door gasket are located vertically in the air above the
water containment line, and the container is used as a liquid holding tank. When placed on end, the
application of interlocking Intermodal containers enables the entire bank of thus intcrlocked
containers to achieve structural integrity by utilizing the mass and structure of the other containers
to provide integrity through a flexible web, distributing weight over a greater surface area, and
thereby enabling a virtually unlimited number of containers to be so integrated.

The preferred and alternative embodiments of the present invention may be manufactured
from a variety of materials, including metals, resins and plastics, ceramics or cementitious matenals,
or even combinations of the above. The specitic material used may vary, though special beneﬁts_are
attainable if several important factors are taken into consideration. Firstly, weather and corrosion
resistance are critical. The container and all components should be sufficiently durable to withstand

the particular climate for the intended application, including any forces that may be applied that
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could tend to fracture any parts thereof. Simultaneously, the container should be resistant to all types

of compounds to which the container will be exposed. By way of the present construction, and with
appropriate materials and/or coatings, the container interior, floor, subfloor, and beams will all be
corrosion resistant, and the combination will be manufactured to be both water tight and air tight,

to both contain leachate and condensate and also to ensure that ventilation gas is passed properly
from inlet to outlet. Additionally, resistance to abrasion from sticks, rocks, and other materials
commonly encountered is desirable. Finally, it is very preferable to use materials that are already
in common use in the Intermodal container industry, or which may be readily adapted thereto, to
maintain the desired compatibility with existing volume production of such containers.

The resulting containers meet the various international standards required for Intermodal
shipping containers. Among these requirements is a requirement for sealing the container when
submerged, and the internal dimensioning for standard loads.

One benefit of using this type of Intermodal container for bioconversion is that the contents,
where applicable, may be undergoing bioconversion during transit to an intended destination. Inthe
case of a typical composting process, the container may be filled and monitored according to prior
art processes, and once a critical period for monitoring and control has passed, the container may
then be shipped, with the shipping time serving not only to deliver the contents, but also to complete
or further the bioconversion process. Anaerobic digestion may be a part of that bioconversion. As

will be apparent, there is no additional loading or handling required of the contents, other than the

loading of the container onto the vehicle or ship, and the total time required for use of the container

has been reduced by using the shipping time for bioconversion. In some instances it may even be
possible to equip a shipping vessel or vehicle with the controls and equipment to perform the entire

bioconversion process, though in many cases the bioconversion time will be greater than the
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shipping time, making work with existing freight handling suitable for providing as great a time
saving.

Another benefit of the present invention has not directly been discussed herein above. Not
only will the present invention permit the container to be used for bioconversion while traveling to
a destination, the present container may also simply be washed and then used for other cargo. Often
times the transport of bioconversion products will be in one direction, from a source or processing
facility to many other destinations. If the transport container is limited solely to bioconversion
product, the cost of freight will not only include the shipment to the destination, but will also include

the expense and time required to return the empty container to the source facility. By converting an
Intermodal container into a container suitable for both bioconversion and shipping, while also
preserving compliance with international standards for shipping containers, the present container
may then be used not only for one way transport of bioconversion materials, but also for return
shipment of other cargo. In accord with the teachings of the present invention, such conversion or
OEM production may be achieved for far less capital than was heretofore required to convert the
container into a single function bioconversion container.

While the foregoing details what is felt to be the preferred embodiment of the invention, no
material limitations to the scope of the claimed invention are intended. Further, features and design
alternatives that would be obvious to one of ordinary skill in the art are considered to be incorporated

herein. The scope of the invention is set forth and particularly described in the claims herein below.
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CLAIMS

I claim:

1. An Intermodal container defining an enclosed volume suitable for both shipping and
bioconversion, comprising:

a subchassis having a subframe defining a length, width and height, a top and bottom spaced
by said height, ventilation and drainage holes passing through an exterior of said
subframe, and beams extending laterally within said subframe across said width, said
beams having holes through which Venti‘lation and drainage may pass;

a subfloor sealed with and adjacent said bottom of said subchassis; and

a perforated floor adjacent said top of said subchassis and adjacent to said enclosed volume.

2. The Intermodal container suitable for both shipping and bioconversion of claim 1, wherein said

perforated floor further comprises plastic flooring.

3. The Intermodal container suitable for both shipping and bioconversion of claim 2, wherein said

perforated floor further comprises wood in combination with plastic.

4. The Intermodal container suitable for both shipping and bioconversion of claim 3, wherein said
wood flooring is immediately adjacent to container side walls, said container side walls at least

partially defining said enclosed volume, said plastic flooring forming a scraping surface between said

“wood tlooring and more distal to said container side walls than said wood flooring.
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5. The Intermodal container suitable for both shipping and bioconversion of claim 4, wherein said

wood flooring 1s solid and imperforate, and said plastic flooring perforate.

6. The Intermodal container suitable for both shipping and bioconversion of claim 2 wherein said
plastic perforated flooring has a greater concentration of holes in a central region than adjacent

container side walls, said container side walls at least partially defining said enclosed volume.

7. The Intermodal container suitable for both shipping and bioconversion of claim 1 wherein said
perforate flooring comprises at least one hole having a smaller opening adjacent said enclosed

volume than an opening distal to said enclosed volume.

8. The Intermodal contamner suitable for both shipping and bioconversion of claim 1 further
comprising a ventilation system coupled with said subframe and further comprising at least one

check valve within said ventilation system, said check valve operative to prevent ingress of water

during transport while permitting air to flow through.

9. The Intermodal container suitable for both shipping and bioconversion of claim 1 wherein said
perforated flooring further comprises a surface with sufficiently minor percent perforation to support

a slurry for filtration, while similarly presenting a surface operative for scraping.

10. The Intermodal container suitable for both shipping and bioconversion of claim 1, further

comprising replaceable smooth side walls within said enclosure.
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11. The Intermodal container suitable for both shipping and bioconversion ot claim 10 wherein said

replaceable smooth side walls are rotatable about each axis for even wear during dumping.

12. The Intermodal container suitable for both shipping and bioconversion of claim 10 wherein said

replaceable smooth side walls are fabricated from insulation-core laminate.

13. The Intermodal container suitable for both shipping and bioconversion of claim 10 wherein said

replaceable smooth side walls are fabricated from bubble-wrap insulation.

14. A method of converting an Intermodal container to an Intermodal container defining an enclosed
volume suitable for both shipping and bioconversion, comprising the steps of:

forming suitable ventilation and drainage holes in a subchassis;

perforating a floor adjacent a first surface of said subchassis and adjacent to said enclosed
volume; and

coupling a subfloor adjacent to a second surface of said subchassis distal to said first surface.

15. A bioconversion container forming an enclosed space containing organic matter therein, and

having a floor perforated with at least one hole tapering from an opening size smaller adjacent to

enclosed space containing said organic matter to an opening size larger more distal thereto.

16. The bioconversion container forming an enclosed space of claim 15, wherein said perforated

floor further comprises plastic flooring.
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17. The bioconversion container forming an enclosed space of claim 16, wherein said pertorated

floor further comprises wood in combination with plastic.

18. The Intermodal container suitable for both shipping and bioconversion of claim 17, wherein said

wood flooring is immediately adjacent to container side walls, said container side walls at least

partially defining said enclosed space, said plastic flooring forming a scraping surface between said

wood flooring and more distal to said container side walls than said wood tlooring.

19. The Intermodal container suitable for both shipping and bioconversion of claim 18, wherein said

wood flooring is solid and imperforate, and said plastic flooring perforate.

20. The Intermodal container suitable for both shipping and bioconversion of claim 16 wherein said
plastic perforated flooring has a greater concentration of holes in a central region than adjacent

container side walls, said container side walls at least partially defining said enclosed space.

21. The Intermodal container suitable for both shipping and bioconversion of claim 15 further
comprising a ventilation system coupled with said perforated floor and further comprising at least
one check valve within said ventilation system, said check valve operative to prevent ingress of

water during transport while permitting air to flow through.

22. The Intermodal container suitable for both shipping and bioconversion of claim 15 wherein said
perforated flooring further comprises a surface with sufficiently minor percent perforation to support

a slurry for filtration, while similarly presenting a surface operative for scraping.
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23. The Intermodal container suitable for both shipping and bioconversion of claim 15, further

comprising replaceable smooth side walls within said enclosed space.

24. The Intermodal container suitable for both shipping and bioconversion of claim 23 wherein said

replaceable smooth side walls are rotatable about each axis for even wear during dumping.

25. The Intermodal container suitable for both shipping and bioconversion of claim 23 wherein said

replaceable smooth side walls are fabricated from insulation-core laminate.

26. The Intermodal container suitable for both shipping and bioconversion of claim 23 wherein said

replaceable smooth side walls are fabricated from bubble-wrap insulation.

27. A bioconversion container enclosing biomatter, said bioconversion container comprising

replaceable smooth side walls immediately adjacent said biomatter.

28. The bioconversion container of claim 27 , wherein said side walls are rotatable about each axis

for even wear during dumping.

70 The bioconversion container of claim 27 wherein said side walls are fabricated from insulation-

core laminate.

30). The bioconversion container of claim 27 wherein said side walls are fabricated from bubble-wrap

insulation.
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31. Thebioconversion container of claim 27, further comprising a pertorated tloor comprising plastic

adjacent said biomatter.

32. The bioconversion container of claim 31, wherein said perforated floor further comprises wood

in combination with plastic.

33. The bioconversion container of claim 32, wherein said wood flooring is immediately adjacent
to said replaceable smooth side walls, said replaceable smooth side walls at least partially defining
an enclosed volume, said plastic flooring forming a scraping surface between said wood flooring and

more distal to said replaceable smooth side walls than said wood flooring.

34. The bioconversion container of claim 33, wherein said wood flooring is solid and impertorate,

and said plastic flooring perforate.

35. The bioconversion container of claim 31 wherein said plastic perforated flooring has a greater

concentration of holes in a central region than adjacent replaceable smooth side walls, said

replaceable smooth side walls at least partially defining an enclosed volume.

36. The bioconversion container of claim 27 further comprising perforate flooring having at least one

hole having a smaller opening adjacent said enclosed biomatter than an opening distal to said

enclosed biomatter.

37. The bioconversion container of claim 27 further comprising a ventilation system coupled with

31



CA 02683202 2009-10-05
WO 2007/118248 PCT/US2007/066271

said biomatter and further comprising at least one check valve within said ventilation system, said
check valve operative to prevent ingress of water into said bioconversion container during transport

while permitting air to flow through.

38. The bioconversion container of claim 27 further comprising perforate flooring having a surface
with sufficiently minor percent perforation to support a slurry for filtration, while similarly

presenting a surface operative for scraping.

39. An array of Intermodal containers each separately forming liquid tight containers, comprising:

means coupling ones of said array of Intermodal containers to others of said array of
Intermodal containers:

ventilation into said array of Intermodal containers; and

said array oriented with an opening into each container elevated, and said liquid tight

container beneath said opening, suitable for containing bio-matter.
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