




or possibly converted into value added products.  To the extent that the local market does 
not make use of the liquid fertilizer concentrate the fertilizer product will be sold to 
international markets to increase additional visible cash flow to the project. 
 
Because 100% of the water is recycled internally, potable water of the quality of bottled 
water will be distributed locally on a no-charge basis.  Because water is required to process 
municipal solid wastes each project building will accept both sanitary wastewater and storm 
water for that purpose on a no-charge basis.  Over time, additional stories will be added to 
each project building to enable additional agricultural activities that could include bananas, 
beets, black bass, beef cattle, beans, cassava, coffee, corn, cotton, dairies, lobster, onions, 
poultry, prawns, rice, shrimp,  sugar cane, sweet potatoes, trout, and many other crops.   
 
Throughout the prefeasibility study extensive efforts are made to provide balanced 
chemical equations and mathematical calculations, where appropriate, to permit extensive 
due diligence evaluations of the proposed sciences to be used. 
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Marketplace BioWastes-To-Energy Feedstocks 

 
A determination of the amount of volatile solids (VS) is necessary in order to calculate the 
amount of methane gas that can be produced from the anaerobic digestion of biowastes.  
Eligible feedstocks consist of municipal solid wastes (MSW), medical wastes, and 
construction & demolition wastes.  For the purpose of arriving at conservative waste figure 
availability, a total of 2 lbs/person/day will be used for the purpose of calculating total 
feedstock biowaste amounts for developing countries and a total of 5 lbs/person/day will be 
used for the purpose of calculating total feedstock biowaste amounts for developed 
countries.  For an area population of 50,000 for each project building the available 
biowastes calculate out to 50,000 x 2 lbs/person/Day = 100,000 lbs/day, or when divided by 
2,000 lbs/Ton = 50 Tons/Day for developing countries and 50,000 x 5 lbs/person/day = 
250,000 lbs/Day, or when divided by 2,000 lbs/Ton = 125 Tons/Day for developed countries.   
 
For undeveloped countries, the calculation for municipal solid wastes is as follows: 
 

Assuming 25% moisture content 50 Tons/Day x 75% = 37.5 Dry Tons/Day 
Assuming 80% organic content 37.5 Dry Tons/Day x 80% = 30 Organic Tons/Day 
Assuming 80% volatile solids content 30 Organic Tons/Day x 80% = 24 Tons Volatile 
Solids/Day or x 2,000 lbs/Ton = 48,000 lbs/Day.  This amount of waste translates into 
48,000 lbs Volatile Solids/Day x 12 cubic feet of methane/lb Volatile Solids = 576,000 
CFD of CH4.  At 24 cubic feet/lb, the methane production translates into 576,000 CFD 
CH4/24 = 24,000 lbs/2,000 = 12.0 Tons CH4/Day for undeveloped countries.   

 
For developed countries, the calculation for municipal solid wastes is as follows: 
 

Assuming 25% moisture content 125 Tons/Day x 75% = 93.75 Dry Tons/Day 
Assuming 80% organic content 93.75 Dry Tons/Day x 80% = 75 Organic Tons/Day 
Assuming 80% volatile solids content 75 Organic Tons/Day x 80% = 60 Tons Volatile 
Solids/Day or x 2,000 lbs/Ton = 120,000 lbs/Day.  This amount of waste translates 
into 120,000 lbs Volatile Solids/Day x 12 cubic feet of methane/lb Volatile Solids = 
1,440,000 CFD of CH4.  At 24 cubic feet/lb, the methane production translates into 
1,440,000 CFD CH4/24 = 60,000 lbs/2,000 = 30.0 Tons CH4/Day for developed 
countries.   

 
In addition to fresh municipal solid wastes, the project will directly collect an additional 10 
lbs/person/Day from existing landfills, rubbish piles, and dumps for the twofold purpose of 
producing additional methane gas and reclaiming additional ferrous and nonferrous metals 
while getting rid of existing dump/landfill sites.  This activity will increase the methane gas 
and carbon dioxide gas production from two-phase anaerobic digestion by a factor of 5/2 or 
2.5 thus increasing the volatile solids from undeveloped countries from 24 Tons/Day to 60 
Tons/Day and from developed countries from 60 Tons to 150 Tons/Day.  The associated 
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methane gas is increased from 12 Tons CH4/Day to 30 Tons CH4/Day for undeveloped 
countries and from 30 Tons CH4/Day to 75 Tons CH4/Day from developed countries. 
 
The 60 Tons Volatile Solids/Day from undeveloped countries can be converted into CO2 
production by multiplying the Volatile Solids by 12 to determine cu. ft. of methane gas 
produced.  Cu. ft. of methane gas produced ÷ 24 cu. ft./lb = lbs methane gas.  Lbs. methane 
gas multiplied by 1.375 = lbs CO2 produced or 60 Tons VS/Day x 2,000 lbs/Ton x 12 = 
1,440,000 cu. ft. CH4/Day.  1,440,000 cu. ft. ÷ 24 cu. ft./lb = 60,000 lbs CH4/Day.  60,000 lbs 
CH4/Day x 1.375 = 82,500 lbs CO2/Day.  82,500 lbs CO2/Day ÷ 2,000 lbs/Ton = 41.3 Tons 
CO2/Day.    
 
The 150 Tons Volatile Solids/Day from undeveloped countries can be converted into CO2 
production by multiplying the Volatile Solids by 12 to determine cu. ft. of methane gas 
produced.  Cu. ft. of methane gas produced ÷ 24 cu. ft./lb = lbs methane gas.  Lbs. methane 
gas multiplied by 1.375 = lbs CO2 produced or 150 Tons VS/Day x 2,000 lbs/Ton x 12 = 
3,600,000 cu. ft. CH4/Day.  3,600,000 cu. ft. ÷ 24 cu. ft./lb = 150,000 lbs CH4/Day.  150,000 lbs 
CH4/Day x 1.375 = 206,250 lbs CO2/Day.  206,250 lbs CO2/Day ÷ 2,000 lbs/Ton =     
103 Tons CO2/Day.   
 
Revenue collected for management of landfill wastes, municipal solid wastes, medical 
wastes, and construction & demolition wastes:  US$0/Day/Ton.  Never a charge, ever.  This 
service always provided as a public service activity only. 
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Agricultural Food Production and Processing 

 
Will consist of a 100 hectare Tilapia fish farm at each project building for producing and 
thereafter processing organically grown Tilapia filets, mostly for the export fish market.  
Electricity requirements are estimated at 1.0 MW.  The estimated raw fish produced per day 
is 1,340,000 lbs.  At a filet yield of 42% a total of 562,000 lbs (281 Tons of Tilapia filets) will 
be produced/Day along with 778,000 lbs or when divided by 2,000 lbs/Ton = 389 Tons of 
biowastes/Day.  At a commodity sell price of US$2.18/lb, the daily revenue is estimated at 
389 Tons/Day x 2,000 lbs/Ton x US$2.18/lb =  US$1,225,160/Day 
 
It is virtually impossible to obtain a buyer commitment on a current basis in the form of a 
purchase agreement for a product that is 36 months away from coming into existence.  In 
terms of investor risk assessment, the existence of the very large fish commodity market 
itself is regarded as ample proof of probable visible cash flow from this specific food 
product. 
 
The 389 Tons/Day of biowastes x 2,000 lbs/Ton = 778,000 lbs of Volatile Solids/Day.    This 
amount of waste translates into 778,000 lbs Volatile Solids/Day x 12 cubic feet of methane/lb 
Volatile Solids = 9,336,000 cubic feet/Day (CFD) of CH4.  At 24 cubic foot/lb, the methane 
production translates into 9,336,000 CFD CH4/24 = 389,000 lbs/2,000 = 194.5 Tons CH4/Day.   
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Subtotal Carbon Dioxide Gas Produced From Municipal Solid Wastes Processing: 41.3 Tons CO2/Day
The 60 Tons Volatile Solids/Day from Municipal Solid Wastes can be converted into CO2 
production by multiplying the Volatile Solids by 12 to determine cu. ft. of methane gas 
produced.  Cu. ft. of methane gas produced ÷ 24 cu. ft./lb = lbs methane gas.  Lbs. methane 
gas multiplied by 1.375 = lbs CO2 produced or 60 Tons VS/Day x 2,000 lbs/Ton x 12 = 
1,440,000 cu. ft. CH4/Day.  1,440,000 cu. ft. ÷ 24 cu. ft./lb = 60,000 lbs CH4/Day.  60,000 lbs 
CH4/Day x 1.375 = 82,500 lbs CO2/Day.  82,500 lbs CO2/Day ÷ 2,000 lbs/Ton = 41.3 Tons 
CO2/Day.   
Subtotal Feedstocks Volatile Solids From Tilapia Fish Farming Wastes: 2.8 Tons/Day
The 1.4 Tons Volatile Solids/Day from Tilapia Fish Farming Wastes can be converted into 
CO2 production by multiplying the Volatile Solids by 12 to determine cu. ft. of methane gas 



produced.  Cu. ft. of methane gas produced ÷ 24 cu. ft./lb = lbs methane gas.  Lbs. methane 
gas multiplied by 1.375 = lbs CO2 produced or 2.8 Tons VS/Day x 2,000 lbs/Ton x 12 = 67,200 
cu. ft. CH4/Day.  67,200 cu. ft. ÷ 24 cu. ft./lb = 2,800 lbs CH4/Day.  2,800 lbs CH4/Day x 1.375 = 
3,850 lbs CO2/Day.  3,850 lbs CO2/Day ÷ 2,000 lbs/Ton = 1.92 Tons CO2/Day.   

1.92 Tons CO2/Day 
From Tilapia Fish 
Farming Wastes

Subtotal Feedstocks Volatile Solids From Tilapia Fish Processing Wastes:  389Tons VS/Day
The 389 Tons Volatile Solids/Day from Tilapia Fish Processing Wastes can be converted 
into CO2 production by multiplying the Volatile Solids by 12 to determine cu. ft. of methane 
gas produced.  Cu. ft. of methane gas produced ÷ 24 cu. ft./lb = lbs methane gas.  Lbs. 
methane gas multiplied by 1.375 = lbs CO2 produced or 389 Tons VS/Day x 2,000 lbs/Ton x 
12 = 9,336,000 cu. ft. CH4/Day. 9,336,000 cu. ft. ÷ 24 cu. ft./lb = 389,000 lbs CH4/Day.  389,000 
lbs CH4/Day x 1.375 = 534,874 lbs CO2/Day.  534,874 lbs CO2/Day ÷ 2,000 lbs/Ton = 267 Tons 
CO2/Day.   

267 Tons CO2/Day 
From Tilapia Fish 

Processing Wastes

Subtotal Carbon Dioxide Gas Produced From Pork Processing Wastes: 15.5 Tons CO2/Day
Subtotal Carbon Dioxide Gas Produced From Tilapia Fish Farming Wastes: 1.92Tons CO2/Day
Subtotal Carbon Dioxide Gas Produced From Tilapia Fish Processing Wastes:  389 Tons CO2/Day
Subtotal Carbon Dioxide Gas Produced From Electricity Generation: 247.0 Tons CO2/Day
Subtotal Carbon Dioxide Gas Produced From Cement Manufacturing: 67.2 Tons CO2/Day
Total Carbon Dioxide Gas Produced: 483.0 Tons CO2/Day
Subtotal Methane Gas Produced From Municipal Solid Wastes: 30.0 Tons CH4/Day
Subtotal Methane Gas Produced From Tilapia Fish Farming Wastes: 0.7 Tons CH4/Day
Subtotal Methane Gas Produced From Tilapia Processing Wastes: 97.3 Tons CH4/Day
Subtotal Methane Gas Produced From Biodiesel Processing Wastes: 97.1 Tons CH4/Day
Total Methane Gas Produced: 249.9 Tons CH4/Day

 
 

Two-Phase Anaerobic Digestion 
 

All of the wastes associated with agricultural production will be managed through two-
phase anaerobic digestion technology.  Traditional anaerobic digestion (often referred to as 
conventional high rate anaerobic digestion) produces a biogas that consists of 1/3 carbon 
dioxide gas by volume and 2/3 methane gas by volume as a common gas mixture.  Two-
phase anaerobic digestion, however, produces the same gases as two distinct gases 
consisting individually of carbon dioxide gas and methane gas.  The separation of the two 
gases permits each to be managed individually.   
 
In every anaerobic digester the ratio of carbon dioxide gas produced relative to methane 
gas is 1:2 on a volumetric basis.  The molecular weight of methane gas (CH4) is 16 (12 for 
Carbon + 4 for Hydrogen) whereas the molecular weight of carbon dioxide gas (CO2) is 44 
(12 for Carbon and 32 for Oxygen).  1 x 44 = 44 weight units for carbon dioxide gas and 2 x 
16 = 32 weight units for methane gas.  44 divided by 32 = 1.375.  Carbon dioxide produced 
relative to methane produced is therefore 137.5% on a mass basis.  The actual weight of 
methane gas produced may be found by multiplying its cubic feet by the factor 0.0423 
lbs/cu. ft. to arrive at its actual weight in lbs.  This weight may be multiplied by the factor of 
1.375 (137.5%) to arrive at the corresponding weight of carbon dioxide produced in lbs.  The 
amount of methane gas generated through two-phase anaerobic digestion may be found by 
multiplying the volatile solids weight of the biowastes in lbs by 12 to arrive at the cubic feet 
of methane gas produced in lbs.   
 
Other sometimes handy mathematical relationships are:  
 
1 Ton VS/Day produces 24,000 CH4/Day from two-phase anaerobic digestion 
1 Ton VS/Day produces 0.508 Tons CH4/Day from two-phase anaerobic digestion 
1 Ton VS/Day produces 0.698 Tons CO2/Day from two-phase anaerobic digestion 
1 Ton CH4/Day used for electricity generation produces 2.75 Tons CO2/Day 
83,780 CH4/Day produces 1 MW of simple cycle electricity power generation 
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Enclosed Photobioreactor for Spirulina Microalgae Production 
 

The enclosed photobioreactor consists of a 2,200,000 foot long 12”Ø clear schedule 40 PVC 
pipe spiral wrapped externally with ultra high efficiency long lasting (10 years +) light 
emitting diode lighting for continuous photosynthesis.  A small portion of the Spirulina 
microalgae produced will be continuously recycled to the start of the photobioreactor to 
provide the required seed to enable continuous Spirulina microalgae production.  Electricity 
requirements = 6.0 MW for the lighting and associated recirculation pumping equipment.  
 
The photobioreactor will receive 100% of the carbon dioxide gas output of the two-phase 
anaerobic digester and 100% of the carbon dioxide gas output from electricity generation.  
In addition, it will receive 100% of the output of macronutrients from the reverse osmosis 
treatment equipment deployed downstream from the two-phase anaerobic digester.  The 
Spirulina microalgae require both carbon dioxide and macronutrients to maximize their rate 
of growth.  The photobioreactor will be operated at a temperature of 35ºC (95ºF) and a pH of 
9.4 to further optimize Spirulina microalgae rate of growth.  Please refer to attached WSE 
Drawing Nos. S-6099-1 and S-9900-1 for additional information. 
 
Spirulina will be produced using photosynthesis in the same manner that has existed for 
billions of years in the oceans of the world.  The photosynthesis reaction is: 
 
                                                                Chlorophyll 
                      6 H2O + 6 CO2 + photons         →          C6H12O6 + 6 O2  
       water + carbon dioxide + light energy  →          glucose carbohydrate + oxygen 
 
The chemical mass balance of the above equation becomes : 
 

                      108 gm H2O + 264 gm CO2 → 180 gm glucose carbohydrate + 192 gm O2 
                            total of 372 gm reactants  → total of 372 gm products 
 
For each 264 grams of CO2 reacted 180 grams of glucose carbohydrate and 192 grams of O2 
will be produced.  For each ton of CO2 reacted, 180/264 or 0.682 tons of glucose 
carbohydrates and 192/264 or 0.73 tons of O2 will be produced.  Glucose carbohydrates 
equate to Spirulina microalgae, a plant type material called phytoplankton.   
 
Respiration occurs in the Mitochondria of cells.  It is almost the exact opposite reaction to 
photosynthesis.  These two reactions work together to maintain a biological balance on 
earth.  The respiration reaction is: 
                                                             
                                                              Mitochondria 
                                      C6H12O6 + 6 O2          →         6 H2O + 6 CO2 
 
It is generally believed that photosynthesis occurs only during periods of sunlight (or 
artificial light) and that respiration occurs only during periods of darkness.  Horticulture 
studies have established that several, but not all, species of plants can be grown under 
continuous lighting.  The same studies have established that photosynthesis and 
respiration can and do occur simultaneously under continuous lighting conditions.  Plants 
are multi-cell and capable of learned behavior whereas Spirulina microalgae are single cell 
plants and therefore totally incapable of acquiring learned behavior.  Spirulina microalgae 
can therefore be grown under continuous lighting conditions even though they have never 
been exposed to continuous lighting conditions for billions of years.  Continuous lighting 
therefore approximately doubles total Spirulina growth relative to day/night growth rates.   
 
The glucose produced during photosynthesis contains about 6% lipids (fats).  Lipids are 
efficiently converted into biodiesel through a transesterification process.  Each ton of CO2 
will simultaneously produce 0.68 tons glucose carbohydrates x 0.06 = 0.04 tons biodiesel 
and 1.0 – 0.04 = 0.96 tons of byproduct biowastes.  100% of the byproduct biowastes will 
consist of volatile solids.  One ton CO2/Day can therefore produce 0.04 tons biodiesel/Day.  
At a specific gravity of 0.88 this is equivalent to 0.04 tons x 2,000 lbs/ton divided by 0.88 
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specific gravity = 90.91 gallons/day.  The same one ton CO2/Day will produce 0.96 tons x 
2,000 lbs/ton = 1,920 lbs volatile solids/day or 21.12 lbs volatile solids/gallon of biodiesel 
produced/day.    
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Biodiesel Production 
 
All biodiesel produced will fully comply with American Society for Testing and Materials 
(ASTM) Standard Specification D 6751-03.  The referenced specification is attached to the 
prefeasibility study.   
 
The amount of biodiesel produced is directly dependent on the amount of Spirulina 
microalgae produced.  The amount of Spirulina microalgae produced is directly dependent 
on the amount of carbon dioxide gas that is added to the photobioreactor.  Since carbon 
dioxide gas is produced by electricity generation, two-phase anaerobic digestion, and 
cement production, the total amount of CO2 produced must be determined from each 
source. 
 
Source No. 1:  Electricity Generation: 
 
30 MW of electricity will be produced for the community initiative.  Another 21.5 MW of 
electricity will be used internally for the photobioreactor, air liquefaction, methane gas 
compression, tilapia fish lighting, pig production, and general building use.  The total 
amount of electricity produced therefore equals 30 MW + 21.5 MW = 51.5 MW. 
 
When generating electricity CO2 is produced according to the following combustion 
equation:   

 
CH4 + 2O2 + 7.52 N2 → CO2 + 2H2O + 7.52 N2 + heat 

                methane + oxygen + nitrogen  →  carbon dioxide  + water + nitrogen 
 

The chemical mass balance of the above equation becomes: 
 
        16 gm CH4 + 64 gm O2 + 105 gm N2 → 44 gm CO2 + 36 gm H2O +105 gm N2 
                         total of 80 gm reactants  →  total of 80 gm products  
 
Please note that nitrogen is not a reactant as it does not participate in the reaction.  For 
each ton of CH4 used for electricity generation a total of 44/16 or 2.75 tons of CO2 will be 
produced along with a total of 36/16 or 2.25 tons of H2O.  2.25 tons of H2O is, in turn, 
equivalent to 2.25 tons H2O x 2,000 lbs/ton = 4,500 lbs ÷ 8.34 lbs/gallon = 540 gallons of 
water.   
 
If 51.5 MW of electricity is produced to provide energy independence within the Community 
Initiative, a total of 51.5 MW x 83,780 CH4/Day/MW = 4,314,670 cubic feet of methane gas will 
have to be used each day.  At 24 cubic foot/lb, the methane usage translates into 4,314,670 
cu. ft. CH4/24 = 179,778 lbs/2,000 = 89.89 Tons CH4/Day.  Since each ton of CH4 produces 
2.75 Tons of CO2 the generation of 51.5 MW of electricity produces 89.89 x 2.75 = 247.0 Tons 
of CO2/Day due to the generation of electricity.  Since each ton of CH4 produces 2.25 Tons of 
H2O, the generation of 51.5 MW of electricity also produces 89.89 x 2.25 = 202 Tons of 
H2O/Day. 
 
Source No. 2:  Two-Phase Anaerobic Digestion: 
 
To determine the amount of CO2 produced first requires a determination of the amount of 
CH4 produced as CH4 production directly determines CO2 production by a factor of 1.375. 
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To determine the amount of CH4 produced first requires the amount of volatile solids that 
are treated as each lb of volatile solids x 12 = cu. ft. CH4 produced. 
 
The volatile solids available from MSW processing are 60.0 Tons/Day as listed above. 
The volatile solids available from tilapia fish farming are 1.4 Tons/Day as listed above. 
The volatile solids available from tilapia fish processing are 194.5 Tons/Day as listed above. 
The total volatile solids available as listed above = 60.0 + 27.0 + 22.6 + 1.4 + 194.5 = 305.5 
Tons CH4/Day.  305.5 Tons CH4/Day x 1.375 = 420.1 Tons CO2/Day. 

The project building will engage in the manufacturing of cement.  Carbon dioxide is 
produced in cement making as a result of the production of a process ingredient called 
'Clinker'.  Clinker is made when limestone is heated to produce lime.  Substantial amounts 
of carbon dioxide are simultaneously formed during this reaction.  The final amount of 
carbon dioxide produced varies depending on the type of cement being made.  Each project 
building will be manufacturing 300 Tons/Day of Portland type cement. 

According to the Annual Review of Energy and the Environment, (Vol. 26: pp 303-329, 
November 2001) average CO2 emissions/Ton from cement production = 448 lbs.  At a cement 
production rate of 300 Tons/Day the total carbon dioxide emissions = 300 Tons/Day x 448 
lbs CO2/Ton = 134,400 lbs/Day ÷ 2,000 lbs/Ton = 67.2 Tons CO2/Day.  Adding this amount of 
CO2 to the above total of 420.1 Tons CO2/Day = 487.3 Tons CO2/Day that will be produced 
from electricity generation, two-phase anaerobic digestion of volatile solids feedstocks, and 
cement production.   

Since each ton of CO2 produces 0.682 Tons of Spirulina microalgae 487.3 Tons CO2/Day 
produces 487.3 x 0.682 = 332.3 Tons Spirulina microalgae/Day. 

75% or 249.2 Tons Spirulina/Day will be used for feeding tilapia fish and pigs.  The 
remaining 25% or 83.1 Tons Spirulina/Day will be used in the production of biodiesel (B100).  
83.1 Tons Spirulina production is the equivalent of 25% of 487.3 Tons CO2/Day or 121.8 
Tons CO2/Day.  249.2 Tons Spirulina production is the equivalent of 75% of 487.3 Tons 
CO2/Day or 365.5 Tons CO2/Day.    

Since one ton CO2/Day produces 0.682 Tons of Spirulina microalgae, 108.3 Tons CO2/Day 
produces 108.3 x 0.682 = 73.86 additional tons of Spirulina microalgae increasing its 
production from 295.5 Tons/Day to 369.4 Tons/Day.  
 
Since one ton CO2/Day produces 0.04 tons biodiesel/day, 121.8 Tons CO2/Day produces 
121.8 x 0.04 tons = 4.87 tons biodiesel/Day.  At a specific gravity of 0.88 this is equivalent to 
4.87 tons x 2,000 lbs/ton divided by 0.88 specific gravity = 11,073 gallons/day.   
 
Since each gallon of biodiesel produced generates 21.12 lbs of volatile solids, 11,073 
gallons x 21.12 = 233,856 lbs. Volatile Solids/Day.  233,856 lbs Volatile Solids/Day ÷ 2,000 
lbs/Ton = 116.9 Tons Volatile Solids/Day. The 116.9 Tons Volatile Solids/Day from biodiesel 
production can be converted into CO2 production by multiplying the Volatile Solids by 12 to 
determine cu. ft. of methane gas produced.  Cu. ft. of methane gas produced ÷ 24 cu. ft./lb = 
lbs methane gas.  Lbs. methane gas multiplied by 1.375 = lbs CO2 produced or 116.9 Tons 
VS/Day x 2,000 lbs/Ton x 12 = 2,806,272 cu. ft. CH4/Day.  2,806,272 cu. ft. ÷ 24 cu. ft./lb = 
116,928 lbs CH4/Day.  116,928 lbs CH4/Day x 1.375 = 160,776 lbs CO2/Day.  160,776 lbs 
CO2/Day ÷ 2,000 lbs/Ton = 80.4 Tons CO2/Day.  
 
Since one ton CO2/Day produces 0.04 tons biodiesel/day, 80.4 Tons CO2/Day produces 80.4 
x 0.04 tons = 3.22 tons biodiesel/Day.  At a specific gravity of 0.88 this is equivalent to 3.22 
tons x 2,000 lbs/ton divided by 0.88 specific gravity = 7,308 gallons biodiesel/day thus 
increasing biodiesel production from 11,073 GPD to 18,381 GPD.   
 
Since the basic waste-to-energy process fully satisfies electricity demand the excess 
methane gas will be beneficially used for: 
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1. The production of methanol through syngas technology that is used as a required 

feedstock in the production of biodiesel biofuel, 
2. The production and sale of compressed natural gas (CNG) biofuel surface 

transportation fuel, and 
3. The production and sale of renewable natural gas biofuel to the marketplace.    

 
 

Tilapia Fish Feed Requirements: 
 

The production of tilapia fish is 670 Tons/Day.  It takes about 1.2 lbs of feed to increase the 
fish weight by 1.0 pound.  The 670 Tons of finished fish will require 670 x 1.2 or 804 Tons of 
feed per Day.  Spirulina microalgae production at 332 Tons feed/Day will mostly satisfy  
tilapia fish feed requirements.  As the MSW volume increases the volume of Spirulina 
microalgae will automatically increases.  It won’t take much of an increase in MSW volume 
to fully satisfy total feed requirements. 
 
The preferred initiative is to increase collection of MSW biowastes by excavating area 
landfills and dumps for the purpose of treating their contents with two-phase anaerobic 
digestion to increase the associated production of Spirulina microalgae.   

 
         

 
Manufacturing Activities 

 

 

Self-Biofueled 
Trains & 
Locomotives 

The shipbuilding/shipbreaking project building will be designed to 
accommodate the manufacture of 100 self-biofueled trains & locomotives 
per year at an estimated marketplace price of US$3,500,000/unit.  Visible 
revenue produced = US$3,500,000 x 100 = US$350,000,000/year or ÷ 365 = 
US$958,900/Day. 

 
 
 
 

US$958,900/Day 
Self-Biofueled 
Ships 

The shipbuilding/shipbreaking project building will be designed to 
accommodate the manufacture of 10 self-biofueled ships per year at an 
estimated price of US$250,000,000/unit.  Visible revenue produced = 
US$250,000,000 x 10 = US$2,500,000/year or ÷ 365 = US$6,849,315/Day.  
Maximum size of manufactured ship = 1,200 ft long x 120 ft wide.  

 
 
 

   
US$6,849,315/Day

Tidal 
Generators 

The project building will be designed to accommodate the manufacture of 
20 tidal generators per year at an estimated price of US$500,000,000/unit.  
Visible revenue produced = US$500,000,000 x 20 = US$10,000,000,000/year 
or ÷ 365 = US$27,397,260/Day.  Tidal generators will be sold on a fully 
installed basis. 

 
 
 
 

US$27,397,260/Day 
  
Subtotal Methane (CH4) Gas Production From Municipal Solid Wastes (MSW): 
 60 Tons/Day Total Volatile Solids x 2,000 lb/Ton x 12 Cubic Feet (CF)/lb = 

1,440,000 cu. ft./Day.  1,440,000 cu. ft. CH4/Day ÷ 24 lbs/cu. ft. = 60,000 lbs.  
60,000 lbs ÷ 2,000 lbs/Ton = 30 Tons CH4/Day 

1,440,000 cu. ft. 
CH4/Day = 30 Tons 

CH4/Day From MSW
  
Subtotal Methane (CH4) Gas Production From Biodiesel Processing Wastes: 
 4,659,366 cu. ft. CH4/Day ÷ 24 cu. ft./lb = 194,140 lbs.  194,140 lbs ÷ 2,000 

lbs/Ton = 97.1 Tons CH4/Day 
97.1 Tons CH4/Day 

From Biodiesel 
Wastes

Subtotal Methane (CH4) Gas Production From Tilapia Fish Farming Wastes: 
 2.8 Tons/Day Total Volatile Solids x 2,000 lb/Ton x 12 Cubic Feet (CF)/lb = 

67,200 cu. ft./Day.  67,200 cu. ft. CH4/Day ÷ 24 lbs/cu. ft. = 2,800 lbs.  2,800 lbs ÷ 
2,000 lbs/Ton = 1.4 Tons CH4/Day 

67,200 cu. ft. 
CH4/Day =1.4 Tons 

CH4/Day From 
Tilapia Fish 



Farming Wastes
Subtotal Methane (CH4) Gas Production From Tilapia Fish Processing Wastes:  
  

389 Tons/Day Total Volatile Solids x 2,000 lb/Ton x 12 Cubic Feet (CF)/lb = 
9,336,000 cu. ft./Day.  9,336,000 cu. ft. CH4/Day ÷ 24 lbs/cu. ft. = 389,000 lbs.  
389,200 lbs ÷ 2,000 lbs/Ton = 194.6 Tons CH4/Day 

9,336,000 cu. ft. 
CH4/Day = 194.6 

Tons CH4/Day From 
Tilapia Fish 

Processing Wastes
   
Total Methane (CH4) Gas Generation from all sources: 249.9  Tons CH4/Day
         
OAT Process Power Generation Potential:  
         
 249.9 Tons CH4/Day x 2,000 lbs/Ton = 499,800 lbs/Day.  499,800 lbs/Day x 24 cu. 

ft./lb = 11,995,200 cu. ft./Day.  11,995,200 cu. ft./Day ÷ 83,780 cu. ft./MW = 143 MW.  
143 MW less 15% parasitic digester plant use = 122 MW Net 

122 MW Net

         
 Two-Phase Anaerobic Digester Size Calculations:  
  Volatile Solids = 249.9 Tons/Day x 2,000 lbs/Ton = 499,800 lbs/Day  
  VS:COD = 1:2, COD = 999,600 lbs/Day  
  Organic Loading lbs COD/Day/Cubic Foot = 6  
  Digester Size = 999,600/6 = 166,600 Cubic Feet  
  Digester Size In Gallons = 1,246,335 Gallons  
  Safety Factor = 1.5  
  Digester Size = 1,869,502 Gallons (120’ x 120’ x 20’H)  
  Estimated Constructed Cost At US$40/Gallon = $74,780,080  
    
 Building Size:  2 km (3,280’) x 2 km (3,280’) x 200 m high w/3 side double wall 

construction to accommodate photobioreactor and employee housing = 
50,000,000 total sq. ft. of precast concrete construction estimated @ US$5.50/sq. 
ft. = US$275,000,000.  Project building will manufacture its own cement and will 
purchase a ready mix plant (3 concrete delivery/mixer trucks) to minimize 
precast concrete panel construction costs. 

 

  Remanufactured 300 Tons/Day Cement Kiln Purchase Cost = 
US$12,000,000 

 

  Remanufactured Ready Mix Batch Plant Purchase Cost = 
US$3,000,000 

 

     
 Photobioreactor:  2,200,000 foot long 12”Ø Clear PVC schedule 40 pipe = 

US$100,000,000 to includes ultra high efficiency long lasting (10 years +) light 
emitting diode (LED) lighting for photosynthesis @ US$10,000,000   Electricity 
requirements = 6.0 MW 

 

   
 10 MGY Biodiesel Manufacturing Equipment Cost Estimate:  US$15,000,000.  

Electricity Requirements = 0.5 MW 
 

   
 Two (2) 110 GPM 4:2:1 Array Reverse Osmosis Equipment Cost Estimate:  

US$2,000,000 
 

   
 Digester Equalization Feed Tank Cost Estimate:  $2,000,000 w/Equalization Tank 

Size = 120’ x 120’ x 20’ H, 2,000,000 Gallon Capacity 
 

   
 Potable Water Tank Cost Estimate:  $2,000,000 w/Equalization Tank Size = 120’ x 

120’ x 20’ H, 2,000,000 Gallon Capacity 
 

   



 Anaerobic Digester Feed Tank Cost Estimate:  $2,000,000 w/Equalization Tank 
Size = 120’ x 120’ x 20’ H, 2,000,000 Gallon Capacity 

 

   
 Liquefied Nitrogen Storage Tank Cost Estimate:  $2,000,000 w/Equalization Tank 

Size = 120’ x 120’ x 20’ H, 2,000,000 Gallon Capacity 
 

   
 Liquefied Natural Gas (LNG) Storage Tank Cost Estimate:  $2,500,000 

w/Equalization Tank Size = 120’ x 120’ x 20’ H, 2,000,000 Gallon Capacity 
 

   
 EAF Steel Recycling Process Equipment Cost:  US$3,000,000  
   
 12,000,000 CFD Compressed Methane Gas (CNG) Equipment Cost Estimate = 

US$10,000,000.  Electricity Requirements = 2 MW 
 

   
 221 Ton/Day Liquefied Nitrogen Air Separation Equipment Cost Estimate:  

$20,000,000.  Electricity Requirements = 10 MW 
 

  Liquefied Nitrogen Delivery Equipment:  US$500,000  
     
 Fish Procurement Cost Estimate = US$5,000,000  
     
 51.5 MW Natural Gas Fueled Combined Cycle Power Generation Equipment @ 

US$1,260/kW = 51,500 kW x US$1,100 = US$65,000,000 
 

     
 Total Electricity Generation Requirements:  
  For each project building:  51.5 MW (includes projected demand for 

the next 20 years 
 

  For Photobiorector = 6.0 MW  
  For Compressed Natural Gas (CNG) = 2 MW  
  For Liquefied Nitrogen (LN2)(LIN) = 10 MW  
  For Liquefied Oxygen = Included with Liquefied Nitrogen  
  For Tilapia Farming = 0.5 MW  
  For General Building use = 2 MW  
  Total Electricity Installed Capacity Requirements = 51.5 MW  
     
 122 MW potential less 51.5 MW used = 70.5 MW remaining.  At 83,779 cu. ft./MW, 

83,779 cu. ft. x 70.5 MW = 5,906,420 cu. ft./Day available to marketplace at 
US$0.70/126.67 cu. ft. or US$32,640/Day as CNG automotive fuel.  If sold to a 
natural gas pipeline the revenue would be slightly less by about 10%.    

 

     
Schedule of Project Construction Costs:  
 Anaerobic Digester Feed Tank:  US$2,000,000  
 Biodiesel Manufacturing Equipment:  US$15,000,000  
 Building Size:  2 km x 2 km x 200 m High Constructed Cost:  US$1,475,000,000  
 Cement Kiln Constructed Cost:  US$12,000,000  
 Concrete Ready Mix Plant Constructed Cost = US$3,000,000  
 EAF Steel Recycling Process Equipment Constructed Cost:  US$3,000,000  
 LED Lighting Purchase Cost:  US$10,000,000  
 Liquefied Natural Gas (LNG) Storage Tank:  US$2,500,000  
 Liquefied Nitrogen Air Separation Equipment:  US$15,000,000    
 Liquefied Nitrogen Delivery Equipment:  US$500,000  
 Liquefied Nitrogen Storage Tank:  US$2,000,000  



 Methane Compression Equipment:  US$10,000,000  
 Photobioreactor:  US$100,000,000  
 Potable Water Storage Tank Constructed Cost:  US$2,000,000  
 Power Generation Equipment:  US$56,650,000  
 Reverse Osmosis Equipment:  US$2,000,000  
 Fish Procurement Costs:  US$5,000,000 

Electricity Requirements = 2.0 MW 
 

 Tilapia Fish Farming Acreage:  50 hectares x 24’ H 
Tilapia Fish Farming Production:  lbs/day = 281,400 of tilapia filets  
Tilapia Fish Farming Electricity Requirements = 0.5 MW 
Fish Processing Equipment:  US$500,000 

 

 Two-Phase Anaerobic Digester:  US$74,780,080  
 Subtotal Project Construction Costs:  US$1,790,680,080  
 Add 15% Contingencies  @ 268,602,012 = US$2,059,282,092  
 Total Project Construction Costs: US$2,059,282,092
     
Project Visible Cash Flow Revenue Streams:  
 From Sanitary Wastewater – US$0.00  
 From Municipal Solid Wastes – US$0.00  
 From Agro Wastes – US$0.00  
 From Animal Wastes – US0.00  
 From Electricity:  44 MW x 24 = 720 MWh/Day @ US$45.00/MWh = 

US$47,520/Day.  This amount of electricity generation will provide the 
average demand load of the participating communities for the next 20 years.   

 

US$47,520/Day
 From Biodiesel:  18,381 GPD always priced at 80% of existing marketplace 

retail.  Current retail is US$1.67/gallon.  US$1.67 x 80% = US$1.34.  18,381 x 
US$1.34 = US$24,630/Day. 

 

US$24,630/Day
 From Liquefied Nitrogen (LN2)(LIN):  244,003 GPD priced at US$0.50/gallon = 

US$122,000.00/Day. US$122,000/Day
 From Compressed Natural Gas (CNG) Fuel:   US$32,640/Day
 From Fresh Tilapia Filet Exports:  US$1,226,900 at a sell price of US$2.18/lb US$1,226,900/Day
 From Self-Biofueled Trains & Locomotives: US$958,900/Day
 From Self-Biofueled Ships: US$6,849,315/Day
 From Tidal Generators: US$27,397,260/Day
 Renewable Energy and other Credits based on estimated 36 MW Project 

Power Generation: 
  One Certified Emission Reduction Credit = 1 Tonne CO2 Reduction.  

51.5 MW Project Power Production x 24 hour/Day = 1,236 MWh/Day.  
1,236 MWh/Day x 1,100 lbs CO2 Reduction (using natural gas)/MWh 
÷ 2,000 lbs/Ton = 680 Tons/Day = 248,000 T/Year x 2,000/2,204 = 
225,226 Tonnes/Year @ US$20 (range of US$20-US$40) = 
US$4,504,000/Year ÷ 365 = US$12,341/Day for years 2008-2012 
delivery. US$12,341/Day

Total Project Revenue Streams: US$34,258,916/Day
 
To the extent that electricity is generated, the combustion off gases (CO2, NOx, N2, and H2O) 
will be entirely used for Spirulina microalgae production.  After Spirulina microalgae 
production has occurred the remaining Nitrogen gas (N2) will be liquefied and sold to the 
marketplace.  The remaining N2 gas stream will also contain Oxygen gas (O2) due to the 
respiration of microalgae during their production in the same manner that trees and plants 
give off oxygen.  This oxygen will be simultaneously liquefied during the liquefaction of N2 
and subsequently distilled off, compressed, and subsequently used internally as a welding 
gas, to enhance cement manufacturing, to enhance fish farming, and for smelting iron into 
steel.  Some of the Nitrogen Gas will be used as a protective blanket gas in the production 



of methanol through syngas technology.  The methanol is produced as a required feedstock 
in the production of biodiesel. 
 

 
Additional Notes: 
 
1.  Land Requirements:  1,200 hectare for Shipbuilding-Shipbreaking Project Building. 
 
2.  Time to design-build-install-operate is estimated at 36 months. 
 
3.  Lighting for tilapia must be a daily cycle of: 
     7.5 hours of total darkness 
     0.5 hours of sunrise (begins at 6 a.m. w/3 ft-candles) 
     15.5 hours of daylight (max 10 ft-candles) 
     0.5 hours of sunset (begins at 10 p.m. w/3 ft-candles) 
 
4.  Sufficient project building room remains to add a 10,000 beef cattle operation, a 10,000 milker dairy 
farm, and significant poultry operations along with all of the associated processing equipment to 
produce value added products consisting of dressed beef, milk and other dairy products, broilers, and 
eggs.  All of these activities represent future economic development activities. 
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Patents 

Two-Phase Anaerobic Digestion Process Utilizing Thermophilic Fixed Growth Bacteria (US Patent No. 5,630,942) 

Certifications 

40 Hour OSHA Course, 1990-1997 

Memberships 

American Council On Renewable Energy 

American Institute of Chemist (Professional Chemist - Accredited)  

American Meat Institute 

American Society for Testing and Materials 

 American Water Works Association 

Global Village Energy Partnership 

Incinerator Institute of America, Member T-6 Testing Committee 

National Air Pollution Control Association 

National Canners Association 

USEPA Combined Heat and Power (CHP) Partnership 

Wastewater Equipment Manufacturers Association 

Water Environment Federation 

Experience Summary 

Thirty Five years in design, marketing, new product development, plant operation, and general management of 
water purification equipment manufacturing and supply. 

Employment History 

President, Chief Executive Officer, and Principal Scientist of WaterSmart Environmental, Inc., a manufacturer of 
water and wastewater treatment equipment and a worldwide provider of next generation waste-to-renewable en-
ergy and other climate change technologies. 

Chief Process Engineer for Smith & Loveless, Inc., a manufacturer of water and wastewater treatment equipment. 

Product Manager for Pielkenroad Separator Company, a manufacturer of particle/liquid separation equipment. 

Director of Environmental Services for Geo. A. Hormel & Company with P&L responsibility over its two pollution 
control equipment manufacturing divisions.  

Director of Marketing for Cherne Industrial, Inc., a national supplier of packaged laboratories for the water and 
wastewater treatment industry. 

Director of Environmental Control for Fire Engineers, Inc., a manufacturer of solid waste disposal incinerators. 

Department Manager for Twin City Testing & Engineering Laboratories, lnc., a large regional independent testing 
laboratory. 

Chief Analytical Chemist for Federal Cartridge Corporation, a munitions manufacturer. 

R&D Chemist for 3M Company, a diversified manufacturer. 
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