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EXECUTIVE SUMMARY
The purpose of this report is to evaluate the feasibility of implementing BioCRUDE technologies
as a means of transforming sugar cane bagasse into usable and marketable by-products in an
effective and economical manner.

Anaerobic digestion and/or composting of sugar cane bagasse are technologies that have been
shown to effectively address many of the problems associated with waste management, with
the additional benefit of providing a reliable energy resource.

There are a variety of biogas processes, including covered lagoon digesters, complete mix
digesters, and plug flow digesters. Choosing the appropriate system depends on many factors,
such as weather conditions, waste collection techniques, waste storage capacity and a market
for the by-products.

The amount of sugar cane bagasse produced and the conditions required to achieve a welloperating process have been established. If the enterprise conforms to these criteria they
should consider a plug flow digester and composting as part of their sugar cane bagasse
management plan (as long as benefits besides energy production can be realized).

A 800,000 m3 per year biogas system has a capital cost of roughly $360,000, an estimated
O&M cost of $15,000 (4.2% of cap), a pay-back at 10% interest for 5-7 years (or a 10 year
mortgage of $355k) , and can return potential annual savings of $2,800 to $4,500 on heating
costs.

Plug flow digesters to obtain biogas and electricity are feasible solutions to transform the sugar
cane bagasse into required by-products. The BioCRUDE Reactants are high performance
products which, when mixed with a well-designed process, have been shown to effectively
manage sugar cane bagasse while yielding by-products and energy resources with significant
financial and intangible value.

INTRODUCTION
Anaerobic digestion of sugar cane bagasse is a technology that has been shown to effectively
address many of the problems associated with sugar cane bagasse waste and management,
while providing a reliable fertilizer and energy resources. This is by no means a new process; it
has been in use on a small scale for many centuries in India and China. In Europe anaerobic
systems have become common on many farms. When properly designed, constructed, and
managed, the anaerobic process has proved to be a successful sugar cane bagasse
management tool. Using organic waste as the only input, an anaerobic digester will yield
valuable output by-products: biogas and fertilizer.
The principal reasons for considering installation of an anaerobic system include the following:

On-site energy production
Recovering biogas and producing energy in situ can reduce or eliminate monthly energy
expenses. Electricity produced by utilizing biogas in an engine-generator can be used by the
enterprise or sold to a local utility. Thermal energy for heating water or buildings can be
acquired by directly burning biogas in a boiler or furnace, or from a heat recovery system
connected to the engine-generator set.

Generation of stable, high quality liquid fertilizer and solid soil amendment
Digestion does not reduce the quantities of nutrients in waste. The process converts them to
new, more soluble, and often more available forms. The liquid, commonly called filtrate, is a
valuable fertilizer that can be applied directly to the land. The anaerobic digestion process
converts the chief nutrients in waste, nitrogen, phosphorus, and potassium, into a soluble form
that is more readily available to plants. In the process of anaerobic digestion, the organic
nitrogen in the waste is largely converted to ammonium, a primary constituent of commercial
fertilizer, which is readily available and utilized by plants. The biogas process also produces an
essentially sterile fibre that is nearly free of weed seeds and pathogens. The solid fibre can be
used as livestock bedding material or as an excellent soil amendment.

Reduction in odours
Biogas systems have the ability to reduce offensive odours from overloaded or improperly
managed storage facilities.
These odours impair air quality and may be a nuisance to nearby communities, particularly as
new residential and commercial development continues to expand into historically agricultural
and industrial areas. Biogas systems reduce these offensive odours because volatile organic
acids, the odour-causing compounds, are consumed by biogas-producing bacteria.

Reduction in ground and surface water contamination
Digester effluent is a more uniform and predictable product than untreated waste. Its higher
ammonium content allows better crop utilization, and its physical properties allow easier land
application. Properly applied, digester effluent reduces the likelihood of surface or groundwater
pollution. Once the filtrate is properly applied, the risk of further ammonia losses is extremely
small compared to raw waste. There are three reasons for this:

1) Due to the lower viscosity of the filtrate, it penetrates faster into the soil.
2)

Soil ammonium adsorption is high, resulting in low washout.

3) Ammonium is more readily available to plants than the organic nitrogen found in
untreated waste; hence, the uptake through nitrification is faster, and the chance for
washout is reduced.

Reduction in public health risk
Heated digesters reduce waste pathogen populations dramatically in a few days. Many
operators have reported that their biogas system has substantially decreased fly populations.

BioCRUDE’s technologies has the ability to offer substantial benefits, both economic and
intangible, to enterprises. In many cases, without the implementation of this technology on
farms, many operators would have been forced to cease their operation.

Other Organic Waste That Could Be Blended With Manure:
• Forest thinnings and logging wastes
• Other agriculture waste: e.g., cellulosic, sugar cane baggase
• Land-filled bio-based materials (paper, plastics, wood)
• Fish (fin and shell) processing waste
• Paper mill wastes
• Some wastes from chemical plants
• All food processing wastes
• Other biofuel processing wastes
• Anything carbonaceous

DESCRIPTION OF THE TECHNOLOGY
BIOGAS
Anaerobic digestion is a biological process in which bacteria breaks down organic matter within
an airless environment, with biogas as the end product. Biogas derived from bagasse waste is
comprised of approximately 60% methane (CH4), 40% carbon dioxide (CO2), and trace amounts
of other gases, including hydrogen sulfide (H2S).
Due to its high methane content, biogas can be used as a fuel for energy conversion devices.
Alternatively, it can simply be flared, as the resulting carbon dioxide makes a lesser impact on
global climate than methane.
Anaerobic digestion can occur within three different temperature ranges: psychrophilic,
mesophilic, and thermophilic.
Psychrophilic digestion occurs at temperatures below 68°F and is usually associated with
systems that operate at ground temperature. Psychrophilic digestion has the lowest biogas
production rate of the three temperature ranges. Also, the production rate is susceptible to
seasonal and diurnal fluctuations in temperature, making it difficult to predict how much biogas
will be available.

The mesophilic temperature range is between 68°F and 105°F. The optimal temperature for
mesophilic digestion is approximately 100°F. Digesters operating in the mesophilic range
require constant heating in order to maintain a temperature of 100°F.
The thermophilic range is between 110°F and 160°F. The elevated temperature allows for the
highest rate of biogas production and the lowest hydraulic retention time (HRT). The HRT is the
amount of time material must remain in the digester before it is sufficiently processed. Digesters
that operate in the thermophilic range require substantial amounts of energy to maintain the
proper temperature and are prone to biological upset due to temperature fluctuations. To avoid
upset, they require closer monitoring and maintenance. Another drawback is that the effluent is
not odour free.
There is a variety of anaerobic digestion systems, choosing the appropriate system depends on
many factors including local weather conditions, local water tables, organic waste collection
techniques, storage capacity, and end use of the by-products.
Following is a brief description of the three most common digester types in use today that could
be considered to treat and transform the organic waste.

Covered Lagoon
Covered lagoons are the least technical and least expensive of the anaerobic system used.
They require large land areas, have the lowest biogas production rate, and can only be used in
locations with low water tables. Covered lagoons are not normally heated and operate
approximately at ground temperature (in the psychrophilic range).
This technique is designed to be used in a warm climate with diluted sewage sludge containing
less than 2 percent solids content.
Biogas is captured by placing an impermeable floating cover over part of, or the entire waste
storage lagoon. Biogas production rates vary based on the temperature of the lagoon, which in
turn is affected by daily and seasonal fluctuations in the temperature of the ground, air, and
feedstock.

Complete Mix Digester
Complete mix digesters are the most technically complex as well as being the most expensive
to build and operate of the anaerobic systems used. The heated tank can be placed either
above or below ground and is designed to treat organic waste with a solid content between 2
percent and 10 percent.

The waste is continuously mixed either mechanically or by using pumped gas circulation to keep
the solids in suspension. It is often operated in the thermophilic range, thereby generating
biogas at a high rate. Substantial amounts of energy are required to maintain digester
temperature and mix the digester contents.
The high capital and energy costs generally limit the complete mix process to enterprises.

Plug Flow Digester
Plug flow digesters are designed to handle undiluted bagasse with an 11% to 14% solid content.
The standard design consists of a covered rectangular concrete tank that holds approximately
20 days worth of waste. Each time fresh waste is added to the plug flow digester, usually on a
daily basis, an equal volume of digested waste is forced out at the other end. Biogas is captured
in the space between the digesting material and the cover. A daily plug of organic waste
requires about 20 days to pass through the digester.
Digestion is carried out by mesophilic bacteria in a temperature range of 95°F and 103°F. The
organic waste in the digester must be continuously heated in order to maintain the optimal
temperature range. This heat can come either from engine waste heat or from the biogas
stream itself. As with the complete mix digester, the long, constant exposure to heat kills most
pathogens and weed seeds in the waste. Plug flow digesters only work with undiluted dairy
waste. It is the optimal design for dairies that deal with waste on a daily basis, and who are
looking to acquire energy from the biogas stream.

THE ROLE OF BIOCRUDE REACTANTS IN THE PROCESS
BIOGAS PRODUCTION
The addition of the BioCRUDE reactants, based in hydrolytic enzymes, to a digester leads to an
increased gas production up to 25 %. There is no additional investment or a change in the plant
regime necessary for this enhancement. Besides an obvious decrease in the viscosity of the
digester content, the shape of scum layers is restrained, and the whole process stabilised.

ORGANIC WASTE TREATMENT
The added BioCRUDE reactant extends the range of degradable substrates. This leads to a
lower viscosity, an improved separation, and a decreased application of flocculent. In addition
there is a higher output of digester gas (up to 25 % more). The result is the improved profitability
of a biogas plant.

200 - 350 g of reactant per ton of organic matter in the input are dosed neat or in a suitable
water premix to the organic waste vessel. The dosage is carried out daily or continuously. The
reactant has a cost of $13.3 per Ton and it can be modified to adapt to different types of organic
waste. Further R&D will provide the optimal formula with a low cost.

DETERMINING THE FEASIBILITY OF THE BIOCRUDE TECHNOLOGY
In order to determine whether BioCRUDE technology represents a suitable organic waste
management technique, some preliminary screening facts need to be considered.

1) Sugar cane bagasse production and collection must be stable yearround.
BioCRUDE technologies are generally designed to handle a consistent feeding rate. This is
done to ensure a constant flow of biogas and/or fertilizer yield.

2) Compatibility of the sugar cane bagasse with the BioCRUDE
technologies
The chemical composition of the sugar cane bagasse will provide the information needed to
adapt and re-design the BioCRUDE processes for transformation of different types of organic
waste into by-products. Previous research shows that it is possible to achieve a biogas yield
and fertilizer production and that is financially viable.
Using the BioCRUDE composting methods the organic matter in the waste can be transformed
into high quality fertilizer.

3) Use for the recovered energy.
Activities in the plant have a substantial demand for electrical and thermal energy. These
demands could be met in whole or in part by producing energy on-site through the
implementation of BioCRUDE technology and an associated engine-generator.

4) Efficient Management and maintenance of the system
Success in the processing of biogas and fertilizer will require training and technical support
operators in the plant to ensure that the BioCRUDE process is working well. These technologies
require personnel to monitor the system operation, and to provide necessary repair and
maintenance.

RECOMMENDED SYSTEM DESIGN
From the data previously given it would appear that the feasibility of transforming the sugar
cane bagasse into by-products is viable using customized process designs.
A biogas system is suggested to upgrade the sugar cane crops. The high volume of sugar cane
bagasse can be converted so that there is on-site energy production, reducing the energy
expenses. The electricity produced by utilizing biogas in an engine-generator can be used in the
plant or sold to a local utility.
By-products from the digestion in the biogas process can be used as a fertilizer as the
anaerobic process does not reduce the quantities of nutrients in the sugar cane bagasse.
Odours and pathogen reduction is vital. It is well known that organic waste poses a public health
risk. The BioCRUDE process eliminates the problem and also transforms the organic waste into
by-products with a high market value.
BioCRUDE technology has the ability to offer substantial benefits, both economic and
intangible.

ELECTRICAL OUTPUT FROM ORGANIC WASTE
A chicken yields 9/10th pound of manure per day; a hog yields 9 pounds; a feedlot cow yields
90 pounds; a dairy cow yields 140 pounds; and a human produces 2.5 pounds, therefore 900
pounds of any manure source yields one kilowatt (kW, = 1000 watts) of power for a day to
provide 24 kWh. One chicken, then, = 1 watt; one hog = 10 watts; one feedlot cow = 100 watts;
one dairy cow = 162 watts; and one human 3 watts.
That means a 5000 head: chicken farm yields 5 kW; hog farm yields 50 kW; feedlot operation
yields 500 kW; dairy farm yields 810 kW; and 5,000 people yield 15 kW.
From 1 kg of sewage sludge dry matter 1,6 m3 of gas with a lower heating value of 1 kWh/m3
are generated
Current US human population could theoretically produce 900 Megawatts (MW) and the world
population could produce 18 GW from 5.75 trillion pounds/yr. of manure
Average size home (2200 square feet) uses about (for ease of computations) 720 kWh/month
or, on average, across time, 1kWh each hour.
Therefore, a generator consistently producing one MW (one thousand kilowatts) of power can
supply 1,000 homes, office buildings, office equipment, foundries, etc.,

COST OF THE EQUIPMENT AND INSTALLATION, OPERATING EXPENSES,
AND PAYBACK PERIOD
One of the main concerns in utilizing these technologies in the sugar cane bagasse
management plan is the capital investment necessary for installing the system.
A plug flow system would cost between $ 300,000 to 400,000 for the complete system. It
would include the anaerobic digester, gas handling equipment, engine-generator and
switchgear, effluent separation and storage equipment, engineering costs, and labour. A system
that is both well engineered and maintained has the capacity to remain functional for 20 years or
more.
Anticipated operation and maintenance costs of an unfamiliar technology may be another factor
discouraging many operators from implementing these projects. In reality, these costs tend to
be modest. Once installed, the cost of O&M on the system is heavily dependent on the quality of
the equipment used and the dedication of the operator to keep the system running as well as
possible. Engine-generator maintenance is estimated to be approximately $0.015 per kWh
produced for an annual cost of $1,800 to $3,000. This cost includes regular oil and filter
changes, spark plugs, and an amortized estimate for major overhauls during the life of the
system. O&M for the remainder of the system is more difficult to estimate. A good rule of thumb
is that a complete system O&M is approximately 5% of the initial capital cost. Total annual O&M
for a typical digester designed to handle 600,000 m3 of organic waste is estimated to be
$10,000 to $20,000.
In order to evaluate the economic viability of a biogas project, a simple payback period is
calculated for best case, median, and worst case scenarios. The results are summarized on an
annual basis in Table 1.
Table 1: Economic summary and simple payback period for an AD system installed on a suitable
Humboldt Country dairy farm
Best Case

Median Case

Worst Case

Capital Cost

$200,000

$300,000

$400,000

Annual value of electricity

$23,558

$17,496

$11,168

Annual value of thermal energy

$4,558

$3,703

$2,849

Annual value of fiber

$8,026

$6,420

$4,815

Annual savings of lagoon cleanout

9,000

$4,500

0

Annual O & M

10,000

$15,000

$15,000

5 – 6 years

17.5 years

>20 years

Simple payback period

In the best case scenario, a biogas system installation will pay for itself in 5.6 years. This length
of time is often considered too long for a project to be considered viable solely on an economic
basis. In the worst case scenario, the project will not pay for itself during the system’s expected
lifetime. Significant financial assistance would be required. However, one must consider that a
biogas system also has significant value in intangible benefits such as odour control, decrease
in fly populations, and environmental stewardship.
These results, combined with the intangible benefits discussed previously, could make to
BioCRUDE technology a viable option.

CONCLUSION
Obtaining biogas with a Plug flow digester process from BioCRUDE technologies is a feasible
solution in transforming sugar cane bagasse into by-products which can yield resources with
significant financial and intangible value.
The BioCRUDE Reactants are high performance products and when added to a well-designed
process, have been shown to significantly increase the yield in of biogas and to promote rapid
decomposition rates in composting. Financial benefits from their use were analyzed with
satisfactory results. Further R&D will improve the efficiency in the processes and decrease the
cost of the reactant.
The plug flow digester would produce biogas. The biogas can be used to generate electrical and
thermal energy for on-site use, thereby reducing energy expenses.
The biogas process also produces a high quality fertilizer.
Intangible benefits such as odour control and decreased fly populations are invaluable if the
operation plans to expand or if residential areas are located nearby.

ANNEX 1: BIOGAS AND COMPOSTING FLOW DIAGRAM

ANNEX 2: PLUG FLOW DIGESTER

ANNEX 3: BIOGAS SYSTEM SETUP COSTS
Component

Cost

Digester




Manure pump (20 Hp)
Engineering design
Concrete digester (including floating insulation, gas
containing cover, 2 hot water heating circuits)
Subtotal:

$9,000
$20,000

$160,000

$189,000
Energy Conversion







Engine generator (used) & switching equipment
Rebuild the engine
Rebuild the generator
Plumbing, electrical, and mechanical systems
Run cable to utility hook-up
Electrical engineering consultant
Subtotal:

$15,000
$2,000
$9,000
$9,000
$8,000
$18,000

$61,000
Solids Separation




$3,000

Effluent pump 97.5 Hp) & variable speed drive
Separation equipment
Building for separator equipment

$25,000
$25,000
Subtotal:
$53,000

Liquid waste storage lagoon



Lagoon (excavation, fence, pipe, outlet structure)
Plastic liner

18,000
42,000

Subtotal:
60,000
TOTAL:

$363,000

ANNEX 4: PLUG FLOW DIGESTER

Please refer to document: “STUDY OF BIOGAS YIELD, MASS AND HEAT PARAMETERS IN
A PLUG FLOW DIGESTER”

ANNEX 5: THERMAL DATA FOR SUGAR CANE BAGASSE

