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market value.  Cities that embrace this technology can claim a zero-waste-to-landfill 
community.  They can also actively attract new industrial development.  
 
The parks will be developed and the wastes will be managed by Biowaste Energy.  
Since the business model is satisfied by the profits made on the co-products produced, 
very attractive tipping fees may be offered to attract MSW and other area wastes.  Other 
eligible biowastes include municipal sludge, green wastes, food wastes, animal wastes, 
industrial wastes, liquid organics, and solid organics.     
 
2. BicycleTM Process for Drought Control and Nutrient Capture 
The southern half of Florida is now experiencing severe saltwater intrusion due to over 
pumping of its massive aquifer system.  Within the next 10 years extensive use of 
expensive seawater desalination will have to be implemented in order to produce potable 
water.  The Upper Floridian aquifer isn’t far behind.  Seawater intrusion is also occurring 
extensively in California and other coastal cities.   
 
The bicycle processTM can permanently eliminate both seawater intrusion and landfills at 
the same time.  Because there is so much value in wastes, the technology can be 
provided on a no-capital cost basis to the impacted communities.  After implementation 
each community become a zero-waste-to-landfill society.   
 
The State of Pennsylvania has over 100 municipalities which discharge excess nutrients 
into the environmentally stressed Chesapeake Bay.  The bicycleTM process captures and 
manages nutrients.  Pennsylvania has over $280 million available through the 
Pennsylvania Infrastructure Investment Authority (PENNVEST) for loans and grants to 
fund water, sewer, and stormwater infrastructure upgrades.   
 
Drought control can also be achieved by utilizing the bicycleTM process in the same 
manner that seawater intrusion and aquifer recharge are implemented.  The extended 
drought of 1998-2002 has exposed serious weakness in the nation’s water resources.  
Extensive studies are now underway to mollify future droughts. 
 
3. Concentrated Animal Feeding Operations 
Corporate production of beef, swine, and poultry have generated problematic wastes 
resulting in significant environmental damage.  The same can be said about larger  
dairies, especially in California.  Liquid manure spreading on cropland is widespread 
resulting in extensive nitrate pollution of groundwater and excessive TMDL discharges.  
High nitrates have an adverse impact on animal reproduction.   
The cutting edge Optimized Anaerobic Treatment (OAT™) Process not only provides 
highly efficient and cost-effective treatment of animal wastes, it goes a step further and 
converts one co-product of that treatment, biogas, into a usable, and sustainable fuel 
source.  With the OAT™ Process the burden of waste treatment is turned into an asset.   
Additional treatment equipment is supplied to capture ammonia-nitrogen, ortho-
phosphates, and potassium nutrients as liquid fertilizer.  The fully treated effluent is 
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recycled as potable livestock drinking water.  The residual sludge qualifies as Class A 
biosolids thus enabling its beneficial use as a soil conditioner or an organic fertilizer.   
 
4. Sustainable and Renewable National Energy Independence  
 
Only a few very well known countries currently enjoy energy independence.  Every single 
country throughout the world, however, has the inherent ability to achieve complete and 
lasting energy independence on a renewable and therefore sustainable basis.  This may 
be accomplished by adopting the simple agricultural approach of growing vegetable oil 
crops for the purpose of refining biodiesel fuels.  The climate, size, and geographic 
location of a country are nonfactors if vegetable oil farming occurs within multistory 
greenhouses that utilize artificial lighting.  Biodiesel fuels may be refined to produce 
heating oil, jet fuel, and vehicle transportation fuels as well as lubricating oils and 
greases.1   Traditional fossil fuels may well become obsolete when greenhouse farming 
coupled with biodiesel refining produce biofuels at a lesser marketplace price than 
petroleum distillates. 
 
Vegetable oil was used as a diesel fuel as early as 1900 when Rudolf Diesel (1858-
1913) demonstrated that a diesel engine could run on peanut oil.  The name “biodiesel” 
was introduced in the United States in 1992 by the National SoyDiesel Development 
Board (Now the National Biodiesel Board) which has pioneered the commercialization of 
biodiesel in the U.S.  To his significant credit, Diesel invented the first biodiesel fuel as 
well as the first compression ignition type engine which now bears his name.  Diesel 
engines are far more efficient than gasoline engines in that for every 100 gasoline miles a 
diesel engine delivers 170 miles with the same payload. 
 
Biodiesel is a completely natural and renewable fuel which may be substituted wherever 
and whenever petroleum diesel is used.  Even though diesel is part of its name, there are 
no petroleum or other fossil fuels in biodiesel.  Biodiesel is 100% vegetable oil based and 
may be made from animal fats, recycled cooking oil, and all virgin vegetable oils.  During 
the past decade this renewable biofuel has been rapidly gaining worldwide popularity as 
an alternative energy source because of its many performance and environmental 
benefits.  It is formed by removing the triglyceride molecule from vegetable oil in the form 
of glycerin.  Biodiesel biofuel consists of very simple long-chain hydrocarbons which 
contain no sulfur, ring molecules, or aromatics associated with fossil fuels.  Biodiesel is 
made up of almost 10% oxygen making it a naturally “oxygenated” fuel.  At this time the 
marketplace price of biodiesel is about twice that of petroleum diesel.  Its use is therefore 
limited to the blend market which consists of a 2-20% blend of biodiesel with petrodiesel 
to improve the environmental performance of the combined fuels.  In order for biodiesel 
to compete head-on with petroleum diesel its marketplace price must be reduced below 
that of petroleum diesel. 
 
The efficiencies of vegetable oil farming and biodiesel refining are eligible for enormous 
improvements by adopting a comprehensive holistic material processing approach to 
both.  It is the combination of these improvements which can lead to an approximate 
fivefold decrease in the production cost of biodiesel.  Here’s how. 
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Vegetable oil farming can be significantly improved by utilizing multistory greenhouses 
and artificial lighting.  The greenhouse environment enables complete control of soil 
matrix, humidity, lighting, temperature, ventilation, nutrient control, soil moisture, pests, 
and weeds.  The result is four or more crops/year in the case of soybeans with virtually 
no vegetable oil loss due to growing conditions.  Pesticide use can be totally eliminated 
as a practical matter.  By utilizing economical multistory concrete construction, the 
volume of vegetable oil may be increased as desired by adding more floors.  After each 
soybean harvest, significant quantities of agricultural debris remain as solid wastes.  The 
agricultural debris is managed as an energy crop.  If the soy oil is extracted utilizing 
steam, highly efficient vegetable oil extraction is achieved.  Steam extraction produces a 
high organic strength liquid waste stream.  A 100 acre 12-story greenhouse would 
support the production of about 225,000 GPY of biodiesel and the generation of about 
36,000 kWh/day of excess electricity to place the technology into economic perspective.  
Larger greenhouses would tend to be more productive and efficient because of the 
economies of scale. 
 
Biodiesel refining can be immediately started with the already hot vegetable oil thus 
eliminating a heating step.  After refining, the 20% remaining glycerin represents a waste 
stream as there is already a growing worldwide glut of this byproduct.  The Btu content of 
the finished hot biodiesel can be captured for greenhouse heating purposes. 
 
The Institute of Gas Technology2 (now known as the Gas Technology Institute) is the 
organization that first developed two-phase anaerobic digestion technology.  Two-phase 
anaerobic digestion produces the three co-products of methane gas, carbon dioxide gas, 
and organic fertilizer.  WaterSmart Environmental3 further improved two-phase anaerobic 
digestion by adding the two co-products of liquid fertilizer concentrate and reverse 
osmosis permeate water. 
 
Making electricity, steam, methane gas, organic fertilizer, and water is achieved by 
the two-phase anaerobic digestion of: 
 

• The agricultural debris and already hot high organic strength liquid waste 
stream from vegetable oil farming and 

• The already hot glycerin from biodiesel refining  
 
The methane is used to generate electricity and to fuel the steam boiler.  The waste heat 
from the electricity generator is beneficially utilized to make additional steam.  Before 
using the steam for oil extraction it is routed through a steam turbine generator to make 
additional electricity thus accomplishing highly efficient combined cycle electricity 
generation.  The liquid fertilizer concentrate is beneficially utilized by recycling it back to 
the vegetable oil farm.  If soybeans are grown as the vegetable oil crop the ammonia-
nitrogen is stripped out and sold since soybeans fix their own nitrogen requirements.  The 
pathogen free organic fertilizer is recycled as soil matrix.  The hot exhaust gas from the 
methane gas generator is routed though catalytic converters to oxidize the carbon 
monoxide to carbon dioxide.  The hot CO2 and NOx gasses are beneficially used for 
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greenhouse heating and to enhance plant growth.  While generating electricity, carbon 
dioxide and water are always combustion products in the ratio of 1 mole of methane (or 
its chemical equivalent) to 2 moles of water.  This is the equivalent of 1 gram of methane 
to 2.25 grams of water.  The capture of water through dehumidification equipment makes 
each biodiesel production facility water independent on a sustainable basis.  Each one 
megawatt of electricity generation (24 MWh/day) permits the capture of about 3,200 
gallons/day of combustion produced water vapor.  Some of the carbon dioxide gas can 
be used as a refrigerant for cooling purposes.  Each co-product from two-phase 
anaerobic digestion and electricity generation is beneficially used.  None is discharged to 
the environment or wasted.  As an approximation, the energy attributable to electricity 
generation is about three times that represented by the finished biodiesel.  Each biodiesel 
refining facility therefore becomes a significant generator of electricity on a distributed 
basis. 
 
The same greenhouse complex may be expanded to grow a variety of vegetables and 
flowers; for fresh water fish farming; and for pigs, dairy cows, beef cattle, and poultry 
production.  Required odor control is achieved by utilizing the odor laden air as 
combustion gas intake air thus accomplishing thermal destruction of all odors.  Reverse 
osmosis permeate water is recycled as excellent livestock drinking water.   Biodiesel 
refining site animal food processing may also be accomplished since 100% of the 
associated waste products may be added to the anaerobic digestion process.  Lastly, 
portions of the same greenhouse may be dedicated for employee housing since all 
utilities are readily available from the biodiesel refining process to achieve total climate 
control.  Sufficiently expanded into produce, fish, and animal production, distributed 
biodiesel refining facilities may be viewed as providing food independence as well as 
energy and water independence.    
 
Prime real estate is never ever required as the biodiesel refining facilities may be 
located on the high plateaus of Tibet, within the jungles of Bangladesh, and at landfills in 
Europe, the United States, and elsewhere.  The geographic considerations include: 
 

• Installation of power transmission lines to utility grid 
• Installation of water pipe lines to use locations 
• Installation of roads for transport of liquefied carbon dioxide, biodiesel, and food  

 
Once the electricity, biodiesel, and food satisfy market demands within the country of 
use, excess electricity, excess biodiesel, excess water, and excess food may each be 
managed as quite profitable export products.   
 
Anaerobic digestion is old technology having been around for several centuries, 
especially in China.  The cited improvements in this article coupled with the beneficial, 
comprehensive, and holistic management of waste products are cumulatively responsible 
for achieving energy independence on a sustainable basis.  All of the supporting science 
already exists.  The proposed energy independence, in turn, can wholly support the 
future massive industrial growth that is now but gradually occurring throughout Asia.  
Compliance with the Kyoto protocols occurs automatically as the biodiesel refining and 
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electricity generation technologies are both environmentally benign.  Many permanent 
jobs are created as are export opportunities.  Governmental subsidies are not required as 
the technology manifests a quite positive return on investment.  There are no political, 
environmental, or economic downsides that have yet been identified.    
 
Marketplace success is intimately tied to: 
 

1. The use of highly efficient anaerobic digestion of all liquid and solid waste streams, 
2. The use of steam for highly efficient vegetable oil extraction, 
3. The use of highly efficient combined cycle electricity generation, 
4. The use of inexpensive land for distributed greenhouse siting, 
5. The use of cost-effective greenhouse construction materials and labor, 
6. The beneficial recycling of plant nutrients, 
7. The beneficial recycling of carbon dioxide to enhance plant growth, 
8. The beneficial recycling of organic fertilizer to replace soil matrix lost during 

harvesting,  
9. A comprehensive use of air and liquid heat exchangers to minimize operational 

heat loss, and 
10. An unequivocal commitment to launch the technology without looking back. 

 
The beneficial recycling of plant nutrients, carbon dioxide, and organic fertilizer translates 
into sustainability.  No outside resources are required after each greenhouse becomes 
fully operational.  If the greenhouses are built large enough, economical pipeline 
transportation of finished biodiesel, water, and liquefied carbon dioxide may be 
evaluated.  Each greenhouse may be considered for additional fruit and vegetable 
production, concentrated animal feeding/processing, and fresh fish farming/processing as 
all such activities require the same recycling of plant nutrients, organic fertilizer, carbon 
dioxide, and water for routine operations.  All such additional activities generate liquid 
and solid wastes which can be anaerobically digested to generate more energy than that 
required for product production.  It’s all about highly efficient waste-to-energy coupled 
with comprehensive holistic material processing. 
 
Energy independence on a sustainable basis represents a massive economic impact on 
each country that utilizes the technology.  Economic development can proceed without 
energy limitations.  The energy is clean and environmentally benign while entirely 
satisfying ground, air, and ocean transportation fuels and lubricants demand as well as a 
country’s electricity requirements.  After full development fossil based fuels will no longer 
be necessary. 
 
Likely future development of this technology will likely consist of constructing a 100 
acre two-story demonstration greenhouse to establish the validity of all pertinent features, 
i.e., four crops/year, recycling of nutrients, carbon dioxide, NOx, and irrigation water.  
Electricity generation and biodiesel yield/acre will also be established along with 
construction costs and facility operational expenses.  This size facility will also establish 
the feasibility of adding additional future floors to increase production.  Ten to fifty story 
greenhouses of 1.5 km x 1.5 km in area are viewed as a minimum size because of the 



14 

economies of scale.  After the demonstration facility establishes technology viability, 
additional development will likely be pursued rapidly by many countries.      
 
The proposed energy independence technology is being marketed by WaterSmart 
Environmental on dbo and dboo bases depending on the country of use.   
 
1  www.biodiesel.org 
2  www.gri.org 
3  www.watersmart.com 
 
Acronyms: 
 

Btu:   British thermal unit 
dbo:  design-build-operate 
dboo:  design-build-own-operate 
GPY:  gallons per year 
kWh:  kilowatt-hour 
MWh:  megawatt-hour 
NOX:  oxides of nitrogen 

 
 
 

Project Development Steps 
 

1. Provide waste characteristics and volumes to enable BioWaste 
Energy to calculate approximate energy and other co-products 
that can be produced. 

2. Authorize feasibility study to determine project costs, benefits, and 
estimated timetable to complete biowastes-to-energy installation. 

 
 
 
 
 
Converting biowastes into green energy through super-efficient 
anaerobic digestion is a fantastic win-win technology for all humans 
and our environment.  How soon may we begin? 
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Thank you for your interest in our treatment technologies.  To request 
additional literature simply photocopy this page, mark desired WSE 
Publication selections, and then mail or fax to WSE with your return 
address.  You may also contact us by phone or email with your request, 
or visit our webpage.  We look forward to helping you find cost-effective 
and practical answers to your water and wastewater treatment 
requirements. 
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client expectations.  I have good computer/internet expertise including knowledge of Microsoft 
Office, MS Project, and Primavera Sure Trak 

Professional Experience 
  Bibb & Associates, Inc.  2000 – 2002 

 Responsible for Project Management and Business Development in the Industrial and Archi-
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• Pfizer, Inc., Lee’s Summit, Missouri                                                                                              
A series of facility improvement projects involving architecture, HVAC, mechanical, 
structural, and instrumentation at this pharmaceutical manufacturing facility following 
FDA regulations and cGMP guidelinees. 

• Bayer – Kansas City, Missouri                                                                                                        
This major facility expansion for the production of Baycol included a central utility build-
ing, warehouse, lab, and offices.  FDA requirements were incorporated. 

• Bayer – Shawnee, Kansas                                                                                                          
Project included vessel and associated piping, pumps, and instrumentation in this Class 
100 area for the production of anthrax vaccine.  Additionally, the site security was en-
hanced with the addition of a new perimeter fence, card readers, lighting, and cameras. 

• Lake City Ammunition Plant – Independence, Missouri                                                                
Project Manager for the design of a phosphate coating process and associated waste-
water treatment in the Ammunition Links manufacturing facility. 

• NCRA – McPherson, Kansas                                                                                                        
Project Manager for the design of a separator and flare system associated with an un-
derground storage facility with this petroleum refining company. 
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 As a Project Engineer/Project Manager on the following projects: 

 General Motors – Detroit Michigan 
Project to migrate millions of legacy documents from hardcopy archives into a 
document management system. 
 Saudi Arabian Oil Company – Shedgum, Saudi Arabia 
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 Kuwait National Petroleum Co. – Kuwait 

Acid Gas Removal Plant with Amine Unit, SRU, SWS – Process Design Package. 
 Star Enterprise – Delaware City, Delaware 

250 tpd Sulfur Plant addition. 
 Enterprise Products Co. – Mount Belview, Texas 

Deisobutanizer Facility. 
 Conoco – West Lake, Louisiana 

On site Project Engineer for one year for this Lake Charles refinery revamp.  Re-
sponsibilities included site drawing reviews, construction verification, RFI and 
change order processing and safety reviews. 

As Business Development Manager, responsible for sales and marketing to major clients in-
cluding Texaco, ARCO, Chevron, Sun, and BP. 
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 Stratco, Inc.  1987 – 1989  
 In the H2SO4 Alkylation area: 

 Responsible for marketing activities worldwide. 
 Start-ups, including 5,000 bpd unit at SELM, Priolo, Sicily 
 Process troubleshooting including 8,000 bpd, two unit complex at Sun, Toledo 

 American Cyanamid, 1982 – 1987 
 As a Technical Service Engineer in the Refinery Catalyst Division 

 Authored/co-authored three technical papers in the areas of Hydrotreating and 
Reforming 

 Unit start-ups including: 
o OMV, Karlsruhe, W.G. – FCC feed hydrotreater 
o Sun, Toledo, OH – semi-regenerative reformer 
o ARCO, Cherry Point, WA – semi-regenerative reformer 
o Texaco, Anacortes, WA – Naphtha hydrotreater 

 Troubleshooting operations including: 
o Citgo, Lake Charles, LA – Diesel hydrotreater 
o Exxon, Bayway, NJ – FCC feed hydrotreater 

 Amoco Oil Co., 1980-1982 
 As a process engineer and operations engineer at the Texas City, Texas refinery 

• Developed process improvement projects on a variety of processing units includ-
ing FCCU, Ultraformers and Hydrotreaters.  Operating engineer on a 110,000 
B/D FCCU, the largest in the Amoco system. 

 Dow Chemical Company, 1976 – 1980 

• Facilities Engineer responsible for project work for new facilities and revamps to 
existing units within this silicon lubricants/adhesives complex in Midland, Michi-
gan 

 
 

 

 From the Human Resources Department of 

© 2003 WaterSmart Environmental, Inc.



PROJECT KEY PROFESSIONAL STAFF 
Curriculum Vitae 

7030 
Employee:  C.G. (Chuck) Steiner, BS, JD 

Education 

St. John's University, Collegeville, Minnesota.  B.S. Degree in Chemistry, 1959 

Wm. Mitchell College of Law, St. Paul, Minnesota.  J.D. Degree in Law, 1969 

Publications 

Steiner, C. G., "Take a New Look at the RBS Process, “Water & Wastes Eng., 41, (May, 1979) 

Steiner, C. G., "The Biological Approach to the Rotating Disc Process," Presented at the First National Sympo-
sium on Rotating Biological Contractor Technology at the Seven Springs Mountain Resort, Champion, PA, (Feb-
ruary 4-5, 1980).  

Steiner, C. G., "A Primer on Separators and Particle Separation”, Pollution Equipment News, Vol.18, No.3, (June, 
1985). 

Steiner, C. G., "Plate Separation--Budding Conventional Technology?", WATER/Engineering & Management, 
(March, 1986). 

Steiner, C. G., WSE Publication No. 380, “Silica Contamination Removal From Spent Fuel Pools And Refueling 
Water Storage Tanks At Nuclear PWR Power Generation Plants”, (June 1993). 

Steiner, C. G., “Advanced Aqueous Waste Treatment Concepts”, Presented at the Environmental Management 
and Technology Conference & Exhibition International at Atlantic City, NJ, (June 9-11, 1993). 

Steiner, C. G., WSE Publication No. 394, “A Historical Review of Oil/Water Separator Designs”, (March 1994). 

Steiner, C. G., WSE Publication No. 796, “Design Manual and Tutorial – Particle/Liquid Separation Systems”, 
(May, 1996). 

Steiner, C. G., “Energy From Wastes”, Asia Water, (October, 1999). 

Steiner, C. G., “Understanding Anaerobic Treatment”, Pollution Engineering, (February, 2000). 

Steiner, C. G., “Biofuels For Energy Independence”, REFOCUS, (March/April, 2003). 

Steiner, C. G., “Kyoto Protocol-compliant waste-to-renewable energy with zero air, water, and solids pollution”, 
The Bulletin on Energy Efficiency, (December, 2004). 

Steiner, C. G., “Waste-to-Energy Plan”, Pollution Engineering, (March, 2005). 

Steiner, C. G., “Biodiesel – The Probable Only Fuel of the Future, Renewable or Otherwise”, Earthtoys - Emaga-
zine, (October, 2005).   

Steiner, C. G., “Economic Development Through Biomass Waste-To-Energy Technology”, Earthtoys - Emaga-
zine, (December, 2005). 

Steiner, C. G., “Energy Independence For Everyone, To Include Food, Natural Gas, Biodiesel, And Water As 
Well”, The Bulletin on Energy Efficiency, (December, 2005). 

 

Steiner, C. G., “THERE’S GOLD IN THEM THAR WASTE HILLS”, Earthtoys - Emagazine, (April, 2006). 

Steiner, C.G., “Reversing Global Warming Through A Worldwide Waste-To-Energy Policy”, Earthtoys - Emaga-
zine, (October, 2006). 

Steiner, C. G., “SuperGreen Buildings Technology With Zero Greenhouse Gas (GHG) Emissions To The Envi-
ronment”, Earthtoys - Emagazine, (December, 2006). 

Steiner, C. G., “SuperGreenTM, Self-Fueled, Double Hull, Dual-BiofuelTM Powered SuperStrong Concrete Barges 
and Ships That Exhibit Zero Greenhouse Gas (GHG) Emissions and Include Onboard Ballast Water Treatment”, 
Earthtoys - Emagazine, (February, 2007). 
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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. 

 

 From the Human Resources Department of 

© 1997-2007 WaterSmart Environmental, Inc. 



PROJECT KEY PROFESSIONAL STAFF 
Curriculum Vitae 

8001,  
Employee:  Philip Donovan Lusk, B.A., M.A. 

Education 

University of North Carolina, Chapel Hill, North Carolina, B.A. Degree in Energy and Environment, 1978 

University of South Carolina, Columbia, South Carolina, M.A. Degree in Economics, 1988 

Virginia Polytechnic Institute and State University, Blacksburg, Virginia, Energy Management Diploma, 1992 

Publications 

Lusk, P.D., Iowa Feedlot Bioenergy Project, Prepared for private client, (In progress.) 

Lusk, P.D. and Palmer, Tampa Bay Ethanol Consortium Feasibility Study prepared for BioPower Technologies 
using funds provided by the Tampa Bay Ethanol Consortium, (2007). 

Lusk, P.D. and Palmer, Pine Island Forms Anaerobic Digestion Feasibility Study prepared for Neighborhood 
Power using funds provided by the Massachusetts Technology Collaborative. 

Lusk, P.D. and Palmer, Feasibility Study for Proposed Financing of Bartow Ethanol, L.L.C. prepared for Bartow 
Ethanol, L.L.C. (2006). 

Lusk, P.D., Eastern Organic Resources Waste Management Pre-Feasibility Study prepared for Eastern Organic 
Resources, L.L.C. (2005). 

Lusk, P.D. and Palmer, Western Meat Processors Waste Management Pre-Feasibility Study prepared for West-
ern Meat Processors, Inc. (2005). 

Lusk, P.D., Biogas Systems for Commercial Uses in Uzbekistan, Greenhouses and Agriculture Business.  Project 
Number MC-UZB-53 prepared for Winrock International Central Asia Farmer-to-Farmer Program on behalf of 
Mercy Corps (2005). 

Lusk, P.D., Economic Evaluation of Recovering Shallow Microbial Natural Gas in South Dakota prepared for 
BioRockGas Exploration, L.L.C. (2005). 

Lusk, P.D., Huron County Bioenergy Development Project prepared for the Huron County Economic Develop-
ment Corporation using funds provided by the Michigan Economic Development Corporation (2005). 

Lusk, P.D., DSM Environmental Services, Inc. Hunts Point Food Distribution Center Organics Recovery Feasibil-
ity Study prepared for the New York City Economic Development Corporation (2005). 

Lusk, P.D., Feasibility Study for Constructing a Centralized Anaerobic Digestion Facility at South Dakota State 
University prepared for South Dakota State University (2004). 

Kerbo, Zimmerman, Bird, and Lusk, Centralized Anaerobic Digestion Feasibility Study for Myrtle Point, OR pre-
pared for the City of Myrtle Point via the Dyer Partnership using funds from the Oregon Energy Office (2003). 

Craggs, Lusk and Wellinger, Anaerobic Digestion Feasibility Study for Linn County, Iowa prepared for the Blue-
stem Solids Waste Agency using funds from the Iowa Department of Natural Resources (2003). 

Lusk, P.D., PRIME Technologies:  “Commercializing a Better Biorefinery”.  Paper presented at Bioenergy 2002 
Conference, Boise, ID (2002). 

Lusk, P.D., PRIME Technologies Phase IIIA Final Report prepared for the U.S. Department of Energy under Co-
operative Agreement DE-FC36-01go11064 (2001). 

Lusk, Holmberg, and Schlesinger, “Integrated Farm Energy Systems:  Commercializing a Better Biorefinery” pa-
per presented at Fifth Biomass Conference of the Americas, Orlando, FL (2001). 

Lusk, P.D., PRIME Technologies Final Report prepared for the South Dakota Governor’s Office of Economic De-
velopment under Value-Added Sub-Fund Grant 00-24-AG (2001). 

Holmberg, Lusk and Schlesinger, Integrated Farm Energy Systems:  “Building A Better Biorefinery prepared for 
the American Coalition for Ethanol Under Department of Energy Instrument No. DE-FG01-99EE10689” paper 
presented at Bioenergy 2000 Conference, Buffalo, NY (2000). 
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Lusk, P.D., Regional Biomass Energy Program Blueprint for Progress:  2000 – 2005 prepared for the National 
Renewable Energy Laboratory and sponsored by the U.S. Department of Energy under NREL Subcontract No. 
KXL-9-29061-00 (2000). 

Lusk, P.D., Review Report of the Regional Biomass Energy State Projects prepared for the National Renewable 
Energy Laboratory and sponsored by the U.E. Department of Energy under NREL Subcontract No. KXL-9-29061-
00 (2000). 

Lusk, P.D., Review Report of the Regional Biomass Energy Program’s FY2000 Budget prepared for the National 
Renewable Energy Laboratory and sponsored by the U.S. Department of Energy under NREL Subcontract No. 
KXL-9-29061-00 (2000). 

Bryan, Wiltsee, Patel and Lusk, Fuel Cell Feasibility Study at the High Plains Ethanol Facility, York, Nebraska 
prepared for the Western Regional Biomass Energy Program (1999). 

Lusk, P.D., Review Report of the Regional Biomass Energy Program Technical Projects prepared for the national 
Renewable Energy Laboratory and sponsored by the U.S. Department of Energy under NREL Task Order No. 
KXL-9-29061-00 paper presented at the Fourth Biomass Conference of the Americas, Oakland, CA (1999). 

Lusk, P.D., Review Report of the Regional Biomass Energy Program’s FY1999 Budget prepared for the National 
Renewable Energy Laboratory and sponsored by the U.S. Department of Energy under NREL Subcontract No. 
KXL-9-29061-00 (1999). 

Lusk, P.D., Analysis of International Anerobic Digestion Deployment prepared for the National Renewable Energy 
Laboratory and sponsored by the U.S. Department of Energy under NREL Subcontract No. ECG-8-17098-01 
(1999). 

Lusk, P.D., Review Report of the Regional Biomass Energy State Grant Projects prepared for the National Re-
newable Energy Laboratory and sponsored by the U.S. Department of Energy under NREL Subcontract No. 
ECG-8-17098-01 (1998). 

Lusk, P.D., Methane Recovery from Livestock Manures:  A Current Opportunities Casebook, 3rd Edition prepared 
for the national Renewable Energy Laboratory and sponsored by the U.S. Department of Energy under NREL 
Subcontract No. DCG-8-17098-01, NREL Publication SR-25145 (1998). 

Lusk, P.D. and Mattocks, Prefeasibility Study for Establishing a Centralized Anaerobic Digester in Adams County.  
Report prepared for the Adams County Office of County Commissioners and sponsored by the Northeast Re-
gional Biomass Energy Program, the Adams County Office of Solid Waste and Recycling, and the Adams County 
Conservation District.  Paper presented at the Fourth Biomass Conference of the Americas, Oakland, CA (1998). 

Lusk, P.D., Biogas and More!  Systems and Markets for Anaerobic Digestion booklet prepared for the IEA Bio-
energy Task XIV Anaerobic Digestion Activity and sponsored by the United Kingdom Atomic Energy Authority 
through ETSU (1998). 

Lusk, P.D., Co-Fueling an Ethanol Fuel Cell Power Plant with Digester Gas:  A Preliminary Evaluation prepared 
for the National Renewable Energy Laboratory and sponsored by the U.S. Department of Energy under NREL 
Subcontract No. CAE-3-13383-01 paper presented at Biomass Fuel Cell Power for Rural Development, Nebraska 
City, NE (1997). 

Lusk, P.D., Near-Term Ethanol Production from Lignocellulosics:  A Survey of Potential Producers prepared for 
the National Renewable Energy Laboratory and sponsored by the U.S. Department of Energy under NREL Sub-
contract No. CAE-3-13383-01 (1997). 

Lusk, P.D., Methane Recovery from Animal Manures:  The 1997 Opportunities Casebook prepared for the Na-
tional Renewable Energy Laboratory and sponsored by the U.S. Department of Energy under NREL Subcontract 
No. CAE-3-13383-01 paper presented at the Third Biomass Conference of the Americas, Montreal, Quebec, 
Canada (1997). 

Lusk, P.D., Anaerobic Digestion and Opportunities for International Technology Transfer prepared for the IEA 
Bioenergy Task XIV Anaerobic Digestion Activity and sponsored by the United Kingdom Atomic Energy Authority 
through ETSU paper presented at the Third Biomass Conference of the Americas, Montreal, Quebec and Organic 
Recovery and Biological Treatment ’97, Harrogate, United Kingdom.  Also published in CADDET Renewable En-
ergy News letter issue 2/98 (1997). 

Lusk, P.D., Economic Evaluation of a Hypothetical Georgia Swine Farm Anaerobic Covered Lagoon Digester 
prepared for the National Renewable Energy Laboratory and sponsored by the U.S. Department of Energy under 
NREL Subcontract No. CAE-3-13383-01 paper presented at the Southeastern Sustainable Waste Management 
Conference, Tifton, GA (1997). 
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Lusk, P.D., Performance Metrics of the Regional Biomass Energy Program prepared for the National Renewable 
Energy Laboratory and sponsored by the U.S. Department of Energy under NREL Subcontract No. CAE-3-
13383-01 paper presented at Bioenergy ’96, Nashville, TN (1996). 

Lusk, P.D., Economic Evaluation of a Swine Farm Anaerobic Digester prepared for the National Renewable En-
ergy Laboratory and sponsored by the U.S. Department of Energy under NREL Subcontract No. CAE-3-13383-
01.  Paper presented at Bioenergy ’96 Nashville, TN (1996). 

Easterly, Burnham, and Lusk, Workable Power Sales Approach Between Rural Electric Cooperatives and On-
Farm Anaerobic Digestion Facilities prepared for the National Renewable Energy Laboratory and sponsored by 
the U.S. Department of Energy under NREL Subcontract No. CAE-3-13383-01.  Paper presented at Bioenergy 
’06, Nashville, TN (1996). 

Lusk and Moser, “Anaerobic Digestion Yesterday, Today and Tomorrow.”  Paper presented at 9th European Bio-
energy Converence, Copenhagen, Denmark (1996). 

Lusk, P.D., Biogas from Municipal Solid Waste:  Overview of Systems and Markets for Anaerobic Digestion of 
MSW booklet prepared for IEA Bioenergy Task XIV Anaerobic Digestion Activity and sponsored by the United 
Kingdom Atomic Energy Authority through ETSU (1996). 

Lusk, P.D., Deploying Anaerobic Digesters:  Current Status and Future Possibilities prepared for the National Re-
newable Energy Laboratory and sponsored by the U.S. Department of Energy under NREL Subcontract No. 
CAE-3-13383-01.  Paper presented at 20th World Energy Engineering Congress, Atlanta, GA.  Also published in 
CADDET Renewable Energy Newsletter Issue 1/96 (1996). 

Sax and Lusk, “Anaerobic Digestion of Municipal, Industrial, and Livestock Waste for Energy Recovery and Dis-
posal” prepared for the National Renewable Energy Laboratory and sponsored by the U.S. Department of Energy 
under NREL Subcontract No. CAE-3-13383-01 paper presented at the Second Biomass Conference of the 
Americas, Portland, OR (1995). 

Lusk, P.D., Animal and Industrial Waste Anaerobic Digestion:  USA Status Report prepared for the National Re-
newable Energy Laboratory and sponsored by the U.S. Department of Energy under NREL Subcontract No. 
CAE-3-13383-01.  Paper presented at the Second Biomass Conference of the Americas, Portland OR (1995). 

Lusk, P.D., Project Outline for Installation of an Anaerobic Digestion Facility to Process Putrescible Garbage in 
Quito, Ecuador prepared for the Empresa Metropolitana de Aseo and sponsored by the Corporacion OIKOS 
(1995). 

Lusk, P.D., Methane Recovery from Livestock manures:  A Current Opportunities Casebook prepared for the Na-
tional Renewable Energy Laboratory and sponsored by the U.S. Department of Energy under NREL Subcontract 
No. CAE-3-13383-01 paper presentated at the International Solar Energy Conference, Maui, HI.  Published in So-
lar Engineering 1995:1.  Revised and reprinted by the US Department of Energy as publication DOE/EE-0063 
(1995).   

Lusk, P.D., Suggested Guidance for the Preparation of the Regional Biomass Energy Program Annual Operating 
Plans prepared for the National Renewable Energy Laboratory and sponsored by the U.S. Department of Energy 
under NREL Subcontract No. CAE-3-13383-01 (1994). 

Lusk, P.D., Review Report of the Regional Biomass Energy State Grant Projects prepared for the National Re-
newable Energy Laboratory and sponsored by the U.S. Department of Energy under NREL Subcontract No. 
CAE-3-13383-01 (1994). 

Lusk, P.D., “Anaerobic Digestion of Livestock Manures in the USA.”  CADDET Renewable Energy Newsletter Is-
sue 4/94 (1994). 

Lusk, P.D., Methane Recovery from Animal Manures:  A Current Opportunities Casebook prepared for the Na-
tional Renewable Energy Laboratory and sponsored by the U.S. Department of Energy under NREL Subconstract 
No. CAE-3-13383-01.  NREL/TP-421-7577.  Paper presented at Bioenergy ’94, Reno, NV (1994).  

Lusk, P.D., Review and Categorization of the Regional Biomass Energy Program’s Resource Assessment and In-
formation System Needs prepared for the National Renewable Energy Laboratory and sponsored by the U.S. 
Department of Energy under NREL Subcontract No. CAE-3-13383-01.  NREL/TP-421-7577 (1993). 

Lusk, P.D., Review Report of the Regional Biomass Energy Program Technical Projects prepared for the National 
Renewable Energy Laboratory and sponsored by the U.S. Department of Energy under NREL Subcontract No. 
CAE-3-13383-01.  Also published in Biologue 12:3, 3rd Quarter 1994. (1993). 
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Lusk, P.D., Northeastern States Sharpen Biomass Focus paper presented at the First Biomass Conference of the 
Americas, Burlington, VT (1993). 

Lusk, P.D., The Use of Clean Transportation Fuels in State-Owned Vehicles.  Special Report prepared for the 
General Assembly of the State of North Carolina (1992). 

Lusk, P.D., “Comparative Economic Analysis:  Anaerobic Digester Case Study.”  Bioresource Technology 36:223-
228.  Also presented at the 1991 International symposium on Energy and Environment, Espoo, Finland; the 4th 
National Biofuels Conference and Exhibition, Coeur d’Alene, ID; Fifth Southern Biomass Energy Research Con-
verence, Blacksburg, VA (1991). 

Safley and Lusk, Low Temperature Anaerobic Digester. Energy Division, North Carolina Department of Economic 
and Community Development (1991). 

Sud, Dalton and Lusk, Comparative Performance of Conventional Cooling System in Supermarkets paper pre-
sented at Winter International Conference, American Society of Heating, Refrigeration and Air-Conditioning Engi-
neers, Las Vegas, NV and at Electrical Dehumidification:  State of the Art Humidity Control for Supermarkets, 
sponsored by the Electric Power Research Institute, New Orleans, LA (1991). 

Roberson, Lyons and Lusk, Farm Machinery:  Management, Operation and Maintenance paper presented at the 
International Winter Meeting, American Society of Agricultural Engineers, Chicago, IL (1990). 

Safley and Lusk, Development and Marketing of an Innovative Low Temperature Lagoon Biogas Digester System 
paper presented at the Energy from Biomass and Wastes XIV, Lake Buena Vista, FL (1989). 

Lusk, P.D., Procuring Energy Efficiency in Public Buildings.  Master’s Thesis.  Also presented at the International 
Symposium on Energy Options for the year 2000:  Contemporary Concepts in Technology and Policy, Wilming-
ton, DE (1988). 

Lusk and Pollock, Biomass Gasification for Economic Development:  The Prospects for South Carolina.  Energy 
Research Foundation Special Report #002, Columbia, SC.  Also presented at the Fourth Southern Biomass En-
ergy Research Conference, Athens, GA (1993). 

Lusk, P.D., Energy Options for Agriculture in North and South Carolina.  Energy Research Foundation Special 
Report #001, Columbia, SC.  Also presented at the Fourth Southern Biomass Energy Conference, Athens, GA 
(1982). 

Lusk, P.D., Joint-Ownership Facilities and the North Carolina Eastern Municipal Power Agency, Energy Research 
Foundation Issue Brief #002, Columbia, SC (1982). 

Lusk, P.D., Investing in Residential Energy Efficiency, Energy Research Foundation Issue Brief #003, Columbia, 
SC (1982). 

Lusk, P.D., “Alcohol as an Alternative Fuel”, The Professional Engineer, 13:3, November-December (1980). 

Lusk, P.D., Other Considerations in Fuel Ethanol and South Carolina – A Feasibility Assessment.  Energy Re-
search Institute, Columbia, SC (1980). 

Lusk, P.D., Preliminary Estimates of Alternative Fuels Derived from Agricultural Feedstocks.  Special Report pre-
pared for the North Carolina Energy Policy Council, (1980). 

Lusk, P.D., The Potential for Alcohol Fuels from Waste Biomass Resources:  A Prospectus for North Carolina. 
Unpublished Manuscript (1979).   

Experience Summary 

April 1992 to date, Consultant 
 

2003-date, Provide a range of technical and analytic support services for selected clients, including AgriClean, 
Bartow Ethanol, BioPower Technologies, BioRock Gas Exploration, Neighborhood Power, Deere & Company, 
Dyer Partnership, DSM Environmental on behalf of the NY City Economic Development Corporation, Shaw Envi-
ronmental & Infrastructure, Huron County Economic Development Corporation, MaxYield Cooperative, RW Beck, 
the South Dakota Farmer’s Union, South Dakota State University, The University of Tennessee on behalf of the 
Natural Resource Conservation Service, and WeirFoulds.  Specific duties included business case and plan devel-
opment, scenario analysis for various financial strategies, trending analysis, capital investment analysis, and due 
diligence.  This was accomplished via quantitative analysis and analytical modeling, including cost/benefit analy-
sis, and budget and forecast development.  In 2005, Mercy Corps and WinRock International volunteer assign-
ment in Fergana Valley, Uzbekistan exploring the potential for small-scale biogas systems to provide greenhouse 
heating and fertilizer needs and a renewable gas supply to remote residents.  In 2005, received the President’s 
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Volunteer Service Award by the President’s Council on Service and Civic Participation.  Since 2000, served on 
the Editorial Board of BioCycle, a journal of composting and recycling. 

 
2001-2002 
 
Project Director of U.S. Department of Energy (USDOE) Cooperative Agreement Phase III activities for PRIME 
Technologies.  In addition to providing technical and analytic support services, was responsible for total contract 
management of $7.5 million in federal and private matching funds.  The PRIME complex is a “closed-loop” system 
that produces beef or milk, fuel ethanol, methane, and biochemical fertilizers.  1993-2001, under subcontract to 
the National Renewable Energy Laboratory, provided support to the Regional Biomass Energy Program (RBEP) 
funded by the USDOE.  Among other duties, provided technical and economic expertise in the area of biogas re-
covery from waste biomass resources, and participate in the development and implementation of a national cli-
mate change prevention program.  Developed format for assessing and summarizing RBEP’s energy, environ-
mental, and economic impact performance metrics, as well as its strategic planning requirements.  Developed 
model for submitting annual operating plans and budgets that uniformly summarized RBEP financial and technical 
data.  Produced review reports of RBEP and state-funded activities in areas such as economic impacts and alter-
native liquid fuels.  Reviewed and categorized RBEP resource assessment and information system needs, and 
evaluated the potential for Geographic Information Systems to meet RBEP and user needs. 
 
2000, Power Supply Coordinator for all Earth Day activities on the National Mall, the world’s most diverse and 
concentrated micro-utility demonstration of alternative generation and renewable energy technologies (wind, pro-
pane & natural gas microturbines, photovoltaics, and reciprocating engines running on biodiesel (B20) blends and 
neat (B100) biodiesel).  Duties included estimating electricity supply and demand distribution requirements, 
equipment and fuel supply procurement, on-site logistics and scheduling, public relations and customer service, 
and permitting negotiations with local and federal officials. 
 
1995-97, Leader of the International Energy Agency Bioenergy Task XIV Activity on the Anaerobic Digestion of 
Municipal Solid Waste.  Responsible for managing the conduct of seven countries participating in the Activity and 
all coordination and administrative actions, including preparing work programs, progress reports, scientific reports 
and financial reports.  Also produced pre-feasibility studies for installing biogas facilities to process municipal solid 
waste in Quito, Ecuador and animal manures and other organic residues in Adams County, PA. 

 
NOVEMBER 2006 TO JUNE 2007, WREGIS ADMINISTRATOR, WESTERN ELECTRICITY COORDINATING 
COUNCIL, SALT LAKE CITY, UTAH 
 

The Western Renewable Energy Generation Information System (WREGIS) enables tracking of Renewable En-
ergy Certificates (RECs) throughout the Western Interconnection.  The WREGIS Administrator is responsible for 
all administration, budgeting, oversight, and coordination between numerous entities including: industry partici-
pants, state/provincial and voluntary programs.  The WREGIS Administrator develops and implements necessary 
procedures and guidelines to accomplish the WREGIS goals and strategic objectives. 

 
OCTOBER 2005 TO OCTOBER 2006, EMERGING TECHNOLOGIES ANALYST, SOUTH DAKOTA PUBLIC UTILITIES 
COMMISSION, PIERRE, SOUTH DAKOTA 
 

Investigated technical issues related to emerging technologies and served as a technical resource to the three-
member elected commission, executive director and staff as to developments in cutting edge technologies in the 
utility industries.  Developed a working knowledge of utility business practices and technologies that included, but 
was not limited to, renewable energies, power delivery systems, power generation, telecommunications, and wire-
less applications.  Drafted technical summaries and presentations, interpreted federal and state statutes and ad-
ministrative rules, and dissected new utility technologies for potential public policy implications.  Served as lead 
staff for PURPA-related issues, the Midwest Renewable Energy Tracking System and energy efficiency efforts. 

 
JUNE 1992 TO MARCH 1993, NRBP DIRECTOR, COALITION OF NORTHEASTERN GOVERNORS POLICY 
RESEARCH CENTER, WASHINGTON, D. C. 
 

The Northeast Regional Biomass Program (NRBP) director had lead responsibility for managing the activities of 
eleven states participating in a cooperative renewable energy development program funded by the USDOE.  Pre-
pared Annual Operating Plans, grant requests, and project and budget justification.  Prepared and managed tech-
nical subcontracts and state grants.  Monitored program activities of participating states.  Maintained program fi-
nancial integrity and provided the USDOE with required technical and financial reports.  Staffed program steering 
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committee.  Represented the NRBP with USDOE, other federal agencies, and other programs affecting north-
eastern interests in energy, environment, and economic development. 

 
OCTOBER 1987 TO MAY 1992, COMMERCIAL/AGRICULTURAL PROGRAM MANAGER, ENERGY DIVISION, 
DEPARTMENT OF COMMERCE, RALEIGH, NORTH CAROLINA 
 

Identified and implemented cost-effective demonstration and technology transfer projects to promote specific en-
ergy resources.  Provided technical and economic expertise related to energy efficiency and renewable energy 
resources.  Developed related subject material, planned and marketed projects to target audiences.  Coordinated 
all Division policy and projects related to renewable energy, with total project responsibility for more than $2.0 mil-
lion.  Served as staff to the Research and Development Committee of the NC Energy Policy Council, and as a 
member of seven other committees or boards.  Project examples include ambient temperature anaerobic diges-
tion, aquaculture, commercial lighting, desiccant dehumidification, farm machinery management, NC Solar Cen-
ter, post-harvest management of fruit & vegetables, and the use of clean transportation fuels in state-owned vehi-
cles.  Two demonstration projects received a National Award for Energy Innovation from the USDOE. 

 
JULY 1985 TO SEPTEMBER 1987, ENERGY ADMINISTRATOR, ENERGY AND ENVIRONMENT DIVISION, OFFICE 
OF THE GOVERNOR, COLUMBIA, SOUTH CAROLINA 
 

Conducted advanced research and evaluation of the economic aspects of SC�s energy and energy-related is-
sues.  Administered the state’s petroleum violation escrow accounts, worth roughly $35 million.  Served as the 
Governor’s liaison with federal, state and local agencies, and private organizations involved in energy matters.  
Compiled, evaluated, and produced special studies and proposals for energy policy action by the Governor.  Pro-
vided constituency service and responded on behalf of the Governor to citizens and organizations on energy-
related concerns. 

 
SEPTEMBER 1980 TO JULY 1985, PRINCIPAL, RESOURCE DEVELOPMENT ASSOCIATES, COLUMBIA, SOUTH 
CAROLINA 
 

Developed a number of analytical models showing the links between energy and its economic and environmental 
impacts.  Prepared several economic and technical feasibility analyses of energy efficiency and renewable energy 
production facilities for funding solicitation.   Served on the SC State Energy Policy Planning Analysis panel. 

 
JANUARY 1979 TO AUGUST 1980, CONTRACT EMPLOYEE 
 
Worked under temporary subcontract for a number of organizations, including: 
 

• ACT-79 FAIR AND CONFERENCE, worked on various renewable energy displays used during the fair; 
 
• CITIZEN’S ENERGY PROJECT, researched and developed draft USDOE documents on photovoltaic technol-
ogy for publication, and for public review and comment. 
 
• ENERGY RESEARCH INSTITUTE, researched portions of a feasibility assessment for fuel ethanol production 
from carbohydrates within the state of South Carolina; 
 
• NORTH CAROLINA ENERGY DIVISION, duties were program support, state and regional coordination, state 
energy agency support, planning and institutional assessment, and information collection; 
 
• ORANGE-CHATHAM COMMUNITY ACTION AGENCY, provided a method for prioritizing available efficiency 
and renewable energy technology programs for low-income dwellings; 
 
• VISTA, helped develop a cost-effective program in efficiency and renewable energy applications for low-income 
dwellings, grantsmanship, and farm-scale ethanol production. 
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Nonrecourse Project Capital Cost Structure 

 
Democratic Socialist Republic of Sri Lanka 

 
BioWastes-To-Renewable Energy, Food, BioFuels, and Water Independence Plant 

 
The total estimated capital and development costs of the design-build-own-operate wastes-to-
renewable energy project total $1,733,230,000 (US$2,943,230,000 total all costs less 
technology and development cost of US$1,210,000,000 = US$1,697,887,000) utilizing both new 
and remanufactured process equipment.  The major components of capital and other costs are 
as follows: 
 

Item Description Cost in US$ 
Anaerobic Digester Feed Tank measuring 100’ x 100’ x 20’H Constructed Cost1 = 3,000,000
105 MGY Biodiesel Manufacturing Equipment Constructed Cost2 = 28,000,000
Biodiesel Storage Tank with 90 Day 25 million gallon storage capacity measuring 
500’ x 500’ x 20’H at US$0.50/Gal constructed cost  US$12,500,000 = 12,500,000
Building Size 1 km x 1 km x 3 stories high Constructed Cost3 = 165,000,000
Cement Kiln Constructed Cost4 = 12,000,000
Concrete Ready Mix Batch Plant Constructed Cost5 = 3,000,000
EAF Steel Recycling Process Equipment Constructed Cost = 4,000,000
LED Lighting Purchase Cost8 = 60,000,000
LNG (Liquefied Natural Gas) Storage Tank Constructed Cost = 5,000,000
Liquefied Nitrogen Air Separation Equipment Procurement Capital Cost = 300,000,000
Liquefied Nitrogen Delivery Equipment Procurement Capital Cost = 500,000
Methanol Storage Tank with 90 day16 million gallon storage capacity measuring 
350’ x 350’ x 20’H at US$0.50/Gal Constructed Cost = 8,000,000
Liquefied Nitrogen Storage Tank with 90 day 70 million gallon storage capacity 
measuring 700’ x 700’ x 20’H at US$0.50/Gal Constructed Cost = 36,000,000
Liquefied Oxygen Storage Tank with 90 Day 43 million gallon storage capacity 
measuring 700’ x 700’ x 20’H at US$0.50/Gal constructed cost = 36,000,000
Methane Gas Compression Equipment Installed Capital Cost =  50,000,000
Photobioreactor Capital Equipment Constructed Cost7 = 100,000,000
Potable Water Storage Tank measuring 400’ x 400’ x 20’H Constructed Cost =  12,000,000
Power Generation Equipment Procurement Cost9 225,000,000
Reverse Osmosis Equipment Procurement Cost 6,000,000
Sow procurement Costs 5,000,000
Fish Processing Equipment Constructed Cost6 500,000
Two-Phase Anaerobic Digester Constructed Cost1 314,511,120
Subtotal Project Costs 1,386,000,000
Add 15% Contingencies 207,900,000
Total Capital Costs 1,593,900,000
Finance Charges  16,000,000
Interest During Construction 20,000,000
Administration/Legal 150,000
Permitting 20,000
Technology & Development Cost 1,210,000,000
Project Development Fee @ 6% of US$1,386,000,000 83,160,000



Working Capital 20,000,000
Total All Costs 2,943,230,000
 
Nonrecourse Project Financing Will Be Structured As Follows: 
 
Developer Equity as Technology, 70%10 1,210,000,000
Investor Equity as Cash, 30% 670,000,000
Finance 1,063,230,000
Loan Term, Years 10
Interest Rate 10%
Developer will contribute US1,210,000,000 equity in the project as the value of the technology.10 
Investor will contribute US$670,000,000 cash and the balance will be financed. 

With Following Notes:   

1. The anaerobic digester and its associated feed tank will be constructed of precast 
concrete panels.  The panels will be manufactured by Wieser Concrete Products, Inc. and 
barge shipped to destination project site.  The Wisconsin based precast concrete 
manufacturer POC is Phil Miller @ phone 800.325.8456 (see 
http://www.wieserconcrete.com/about.html). 

 

2. The biodiesel production equipment will be designed and manufactured by California 
based R. C. Costello & Associates, Inc.  The POC is Rocky Costello, P.E. @ phone 
310.792.5870 (see http://www.rccostello.com/).  

 

3. The low cost of the project building is made possible by the 100% internal recycling of 
inorganic wastes that are produced from the anaerobic digestion process.  These 
inorganic wastes are combined with cement and water in the production of precast 
concrete panels.  The special purpose project company will produce its own cement to 
further minimize construction costs.  See attached WSE Engineering Drawing No. S-6099-
1 for additional details.  The POC at WaterSmart Environmental is Chuck Steiner @ 
913.897.2727 (see http://www.watersmart.com/).   

 

4. The cement kiln will be sourced through Canada based Cement Process Consulting, Ltd.  
The POC is Ken Postle @ phone 403.472.4519 (see http://www.cement-
process.com/index.htm).  

 

5. The concrete ready mix plant will be sourced through Canada based Cement Process 
Consulting, Ltd.  The POC is Ken Postle @ phone 403.472.4519 (see http://www.cement-
process.com/index.htm).  

 



6. The fish production and processing equipment will be sourced through Colorado based 
Fisheries Technology Associates, Inc.  The POC is Bill Manci @ phone 970.225.0150 (see 
http://www.ftai.com/).  

 

7. The enclosed photobioreactor consists of 2 miles long 12”Ø clear PVC pipe.  A possible 
supplier is Harvel Plastics, Inc. but other sources will be considered prior to procurement 
(see http://www.harvel.com/).   

 

8. The artificial lighting for the photobioreactor consists of 5 miles of high efficiency long 
lasting (10 years or more) light emitting diode (LED) lighting that will be wrapped barber 
pole fashion around the clear PVC pipe.  A possible supplier is Light Waves Concept, Inc. 
but other sources will be considered prior to procurement (see 
http://www.lightwavesconcept.com/).   

 

9. The power generation equipment will be sourced through UK based Combustion, Energy 
& Steam Specialists, Ltd.  The POC is Mike Craigie @ phone +44 (0) 1856 851177 (see 
http://www.cess.co.uk/).  

 

10. The seemingly high percentage of developer equity as technology is justified on the basis 
that it is the only economic development technology that simultaneously achieves: 

• 100% compliance with Kyoto Protocol thus helping to reverse global warming, 
• Distributed Biofuels (biodiesel and compressed natural gas or CNG) independence, 
• Distributed Food independence, 
• Distributed Renewable energy independence, 
• Distributed Water independence, and 
• Complete internal recycling of all byproducts and waste streams thereby producing a 

useful product—namely precast concrete products that will be used for constructing 
the project building itself as well as infrastructure roads, light rail transit surface 
transportation system, precast concrete potable water distribution system, precast 
concrete wastewater collection system, and precast concrete encased renewable 
energy power distribution system.  In doing so the community initiative project will 
become the very first zero carbon and zero waste community in the world. 

 Climate Change has now become the most serious worldwide concern as the 
 sustainability of our planet appears to be at rapidly increasing risk.  Renewable Energy 
 Technologies that address climate change are therefore in great demand.  Technologies 
 that address both climate change and substantial economic development are in even 
 greater demand.  The proposed waste-to-energy technology has required over 30,000 
 hours of research  over a 10 year period to develop thus fully justifying the seemingly 
 high percentage of developer equity as technology.  It is the very first and only  
 worldwide technology that is technically capable of simultaneous distributed energy 



 independence, distributed food independence, distributed fuels independence, and 
 distributed water independence with all in full compliance with Kyoto Protocol. 

The proposed wastes-to-renewable energy technology consists of a suite of individual 
component technologies.  The individual component technologies are: 
 

• Biodiesel Production With Associated Waste Processing. The National Renewable Energy 
Laboratory (NREL) pioneered the very first production of biodiesel from microalgae.  The 
research and development was carried out under the “Aquatic Species Program” (ASP) 
that consisted of the first production of a biofuel called “algal biodiesel” (see  
http://www1.eere.energy.gov/biomass/pdfs/biodiesel_from_algae.pdf).  Under the 
referenced program Algal Biodiesel was produced through the growing of microalgae for 
their lipid content.  The lipid content was then converted into biodiesel through chemical 
transesterification in the same manner that soybeans and other vegetable oils are now 
being converted into biodiesel.  The ASP funding totaled $25.05 million over a 20 year 
period that began in 1978.  Continuation funding was ultimately terminated when it was 
officially determined that algal biodiesel could not be produced economically.  The ASP 
obtained its research data from growing microalgae in warm open ponds (Salton Sea in 
Southern California) at a pH of 8.2 using atmospheric carbon dioxide.  The Salton Sea is 
the recipient of agricultural runoff nutrients as well as additional nutrients contained in 
municipal sewage treatment plants discharges.  The Middle Cordoba Province Project will 
produce microalgae within an enclosed photobioreactor that will operate at the optimum 
growing temperature of 35ºC (95ºF) and at the optimum growing pH of 9.4.  
Photosynthesis will occur 24/7 rather than just during daylight hours by using long lasting 
light emitting diode (LED) lighting.  The photobioreactor will receive the total carbon 
dioxide output from both the anaerobic digester as well as the power generation 
equipment thus substantially increasing production over that obtainable from using 
carbon dioxide from the atmosphere.  Microalgae production will be further increased by 
adding the micronutrients contained in the reverse osmosis concentrate stream thus 
substantially improving microalgae production.  The total increase of these process 
modifications over that obtained by the National Renewable Energy Laboratory’s ASP is 
estimated at a factor of at least 1000 to 1.  By producing the microalgae within an 
enclosed photobioreactor the technology becomes totally compliant with Kyoto Protocol 
since all discharges of greenhouse gases to the environment are eliminated. 

 
• Cement manufacturing as a technology has been practiced for many hundreds of years 

throughout the entire civilized world. 
 

• Fish farming was first practiced by the Chinese over 100 years ago.  Due to the over 
fishing of the oceans fish farming is now widespread throughout the entire civilized world.  

 
• Precast concrete panels and piping have been manufactured for the last 50 years.  The 

use of precast concrete panels has become quite popular in the building industry during 
the last 10 years. 

 
• Liquefied Nitrogen and Liquefied Oxygen have been produced in the marketplace for the 

last 50 years.  Names of today’s largest industrial suppliers consist of Air Liquide, Air 
Products & Chemicals, Inc., Cryogenic Industries, Inc., Gas Systems Corporation, and 
Praxair, Inc.   

 



• Methane gas-to-methanol alcohol through synthesis gas (syngas) technology represents 
the standard method of producing methanol throughout the civilized world. 

 
• Microalgae production through the use of a photobioreactor (use of artificial light rather 

than sunlight) is now being done at several research institutions.  The technology has yet 
to be put into full scale commercial operation.   

 
• The anaerobic digestion of municipal solid wastes (MSW) was first accomplished by two-

phase anaerobic digestion in 1996 (see http://lib.kier.re.kr/caddet/retb/no66.pdf).  More 
recently the management of municipal solids wastes is being accomplished using 
conventional anaerobic digestion by Waste Management, Inc., a waste management 
company (see http://www.wm.com/WM/environmental/Bioreactor/technologies.asp).   

 
• Pig farming and processing has been practiced around the world for the last 100 years. 

 
• Precast concrete panels and precast concrete pipes have been manufactured for the last 

50 years throughout the world. 
 

• Renewable energy power generation has been practiced for at least 30 years in the EU 
and 20 years in the United States. 

 
• Reverse osmosis treatment has been around on a commercial basis for over 30 years.  

During the last 5 years its marketplace costs have been halved and it is now considered 
very good and very affordable technology. 

    
 
 



Sri Lanka Prefeasibility Study, February 22, 2008 Totals and Notes 
Location:  Democratic Socialist Republic of Sri Lanka  
Technology Provider:  WaterSmart Environmental, Inc.  
Joint Project Developers: 
 
Aimacon International, Inc. 
Contact:  Japhet Gama 
3 Eglinton W. Unit 21 
Mississauga, ON  L5R 3E7 
Phone Number:  905.568.3244 
Fax Number:  905.568.2235 
email:  Jeff@aimaconfs.com 
 
Commercial Global Funding, LLC 
Contact:  John W. Johnson, President/CEO 
email:  jjohnson@commercialglobalfunding.com 
Phone Numberss:  651.501.1501, 651.207.4073 
Fax Number:  651.501.1505 
 
GlobalCapitalAdvisory.Com 
Contact:  Amit Vaswani, Director 
email:  amit.vaswani@globalcapitaladvisory.com 
Phones:  +852.8120.8450, +1.310.856.9836 
Faxes:  +852.3015.9417, +1.310.861.1532 
 
Sipho Enterprises 
Contact:  Ollie Sipho 
email:  siphofunding@msn.com 
Phone Numbers:  619.972.3935, 619.434.4759 
Website:  http://www.siphoent.com/index.html 
 
Sandishree International Limited 
32B Greville Street 
London EC1N 8TB 
Contact:  Rajesh Patel 
Phone Numbers:  +44 2078317824/, +44 7876144433 
Skype ID:  rajeshoo7 
emails:  rajesh@ssiltd.net, rajeshssi@o2mail.co.uk 
 
Unitsky String Transport System 
Contact:  Anatoly Unitsky 
email:  info@unitsky.ru 
Phone Number:  +7 095 116-15-48 
Fax Number:  +7 095 116-15-48 
Website:  http://www.unitsky.ru 
 

 

Project Type:  Economic Development through Design-Build-Own-Operate BioWastes-To-
Renewable Energy, BioFuels, Organic Foods, and Potable Water Independence 

 

Estimated Project Cost:  US$1,593,900,000 for each 1 km x 1 km x 3 story high project 
building 

Estimated Project 
Building Cost: 

US$1,593,900,000
Estimated Daily Project Revenue for each project building:  US$3,903,746 Estimated Project 

Building Revenue: 
US$3,903,746/Day

Number of project buildings required: 420  
Project Activities:  Extensive Agricultural Production and Processing that additionally 
includes renewable energy, biofuels, and water production along with 100% recycling of 
all byproducts into precast concrete panels and piping for infrastructure development 

 



Jobs Creations Potential for each 1 km x 1 km x 3 story high project building:  1,500  
BioWastes Treated:  Municipal Solid Wastes (MSW), Medical Wastes, Construction & 
Demolition Wastes, Foods Production & Processing Wastes, and Biodiesel Processing 
Wastes 

 

Local Population Served for each 1 km x 1 km x 3 story high project building:  50,000  
Residual Wastes to Landfill:  Zero  
Greenhouse Gaseous Emissions to the Environment:  Zero  
Climate Change Carbon Footprint:  Zero  
Investor Internal Rate of Return:  Optimal  

 
Detailed Project Description 

 
The economic development objective is to produce 100% of the local demand for 
electricity, 100% of the local demand for biodiesel biofuel, 100% of the local demand for 
natural gas (methane gas is a near equivalent to natural gas) biofuel, and 100% of the 
local demand for potable water.  Biodiesel (B100) can be used as a direct replacement for 
petroleum diesel without equipment modification.  Each economic development project 
includes the required infrastructure for local distribution of renewable energy, renewable 
natural gas, and potable water.  To the extent that methane gas is used for electricity 
generation or renewable natural gas significant energy credits are created.  Additional 
energy credits are also created in the production of biodiesel biofuel.  Electricity 
generation, renewable natural gas production, and biodiesel production are carbon 
neutral products of each project building.   
 
The renewable energy electricity produced will be designed to achieve per capita 
distribution at 5.0 kWh/person/Day.  The United States, for example, is now consuming 
electricity at the rate of 3.5 kWh/person/Day.  At 5.0 kWh/person/Day the waste-to-energy 
technology will provide energy independence for at least 25 years based on the existing 
increase in consumption trend that has already been established in the United States. 
 
The renewable oil (biodiesel B100) produced is designed to achieve a surplus of this 
product.  The United States, for example, is now consuming oil at the per capita rate of 3.0 
gallons/person/Day.  The waste-to-energy technology will produce biodiesel at the rate up 
to 287,633 gallons/Day thereby establishing a per capita availability of 5.75 gallons/Day for 
a surplus of 2.75 gallons/Day! 
 
The renewable natural gas (methane gas) produced is designed to achieve a surplus of 
this product.  The United States, for example, is now consuming natural gas at the rate of 
194 cubic feet/person/Day.  The waste-to-energy technology will produce natural gas 
(methane gas) at the rate up to 1,148 cubic feet/Day thereby establishing a per capita 
availability of 1,148 cu ft/person/Day for a surplus of 954 cu ft/Day!   
 
As additional marketplace background information, the production of ethanol from corn 
and biodiesel from beans has precipitated a massive food or fuel issue throughout the 
world causing the marketplace price of both corn and soybeans to increase dramatically.  
These increases have, in turn, caused the marketplace price of ethanol and biodiesel to 
increase as well the marketplace price of corn and soybean based food products.  It is 
these increases in marketplace prices that have caused the food or fuel issue.  With our 
marketplace approach the production of biodiesel from Spirulina microalgae stays 
completely clear of the food or fuel issue as does the production of renewable natural gas 
from biowastes.  To achieve total sales of both renewable biodiesel and renewable natural 
gas biofuels they will be sold at a 20% discount from existing retail.  At this attractive 
pricing 100% of routine production will easily sell in the marketplace.  
 
Extensive Agricultural Production in each project building will consist of a 100 hectare 
tilapia fish farming operation that is sized to produce excess local marketplace demand 
for tilapia fish.  The excess processed fish will be exported to distant markets to provide 

 
 
 
 
 
 
 
 
 
 
 
 

300 Tons CO2/Day
produced from 300 

Tons Cement 
Manufacturing/Day 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



visible cash flow to the project.  With a world population approaching 7 billion the fish 
output of a single project building calculates out to approximately 0.15% of worldwide 
demand of tilapia fish.  A total of 1 ÷ 0.0015 = 666 project buildings would therefore be 
required to satisfy worldwide demand for tilapia fish.  The marketing idea is to produce 
100% of the local demand for fish with the entire excess sold to export markets for visible 
sales revenue.  Additional agricultural activities may include other farm animals such as 
pigs, beef cattle, poultry, and dairy animals.    
 
In addition to agricultural production, each project building will produce Portland cement 
for the purpose of manufacturing precast concrete panels and precast concrete piping for 
infrastructure development.   
 

1. In the manufacturing of 300 Tons cement/Day, 300 Tons CO2/Day are produced.    
2. When processing biowastes through anaerobic digestion both methane gas and 

carbon dioxide gas are produced.  
3. When generating renewable energy both water vapor and carbon dioxide gas are 

produced.   
 

100% of the carbon dioxide gas and associated water vapor produced during the 
production of cement, the processing of biowastes, and the generation of electricity will 
be routed to an enclosed photobioreactor for the purpose of producing Spirulina 
microalgae.  Some of the Spirulina microalgae will be used as animal feed.  The remainder 
will be converted into biodiesel biofuel (B100) and sold to produce visible sales revenue.      
 
Spirulina microalgae contain about 6% lipids (fats).  In the production of biodiesel about 
6% of the Spirulina microalgae are converted into biodiesel biofuel (B100).  The 94% 
remaining biowastes are returned to the anaerobic digester to produce substantially more 
methane and carbon dioxide gases.  The resulting methane gas produced can be used for 
power generation with the excess sold as a renewable natural gas biofuel.  The resulting 
carbon dioxide gas produced from electricity generation and the carbon dioxide gas 
produced from anaerobic digestion will be automatically routed to the enclosed 
photobioreactor to enable production of additional Spirulina microalgae. 
 
Because nutrients will be 100% recycled internally, each project building will produce an 
excess of liquid fertilizer concentrate that will be distributed to area farmers in need on a 
no-charge basis.   
 
Because 100% of the water is recycled internally, excess 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  organically grown bananas, beets, black bass, beef cattle, beans, 
cassava, coffee, corn, cotton, dairies, lobster, onions, peanuts, 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 due 
diligence evaluations of the proposed methodoligies and sciences to be used. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

No Charge For 
Distribution of
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Marketplace Municipal Solid Wastes (MSW) 

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 24 Tons VS/Day



construction & demolition wastes.  For the purpose of arriving at conservative waste 
figure availability, a total of 2 lbs of MSW/person/day will be used to calculate the total 
feedstock biowaste amount.  For an area population of 50,000 for each project building the 
available biowastes calculate out at 50,000 x 2 lbs/person/Day = 100,000 lbs/day, or when 
divided by 2,000 lbs/Ton = 50 Tons/Day.   
 
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 or 48,000 lbs/2,000 lbs/Ton 
= 24 Tons VS/Day.  This amount of waste treated by anaerobic digestion produces 
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.   
 
Weight of methane gas produced through anaerobic digestion multiplied by 1.375 
= weight of CO2 produced.  12 Tons CH4 produced x 1.375 = 16.5 Tons CO2/Day.     

 
In addition to fresh municipal solid wastes, the project building will directly collect an 
additional 20 lbs/person/Day from existing area landfills, rubbish piles, and dumps for the 
twofold purpose of increasing the production of additional methane and carbon dioxide 
gases.  This activity will increase the methane and carbon dioxide gases by a factor of 10.  
10 times 24 Tons VS/Day = 240 additional Tons VS/Day.  10.0 x 12 Tons CH4/Day = 120 
additional Tons CH4/Day.  120 Tons CH4/Day x 1.375 = 165 Tons CO2/Day.  It is expected 
that area landfills, rubbish piles, and dumps will be excavated and subsequently 
remediated within 2-3 years of project start-up. 
 
 
Revenue collected for management of landfill wastes, municipal solid wastes, medical 
wastes, and construction & demolition wastes:  US$0/Day/Ton.  Never a charge, ever.  
Management of landfill wastes is always provided as a community service activity. 
 

From MSW
Produces

12 Tons CH4/Day
and

16.5 Tons CO2/Day
Through Anaerobic

Digestion

Reclaiming Landfills 
Produces additional

240 Tons VS/Day,
120 Tons CH4/Day,

and
165 Tons CO2/Day

No charge for 
MSW disposal

US$0.00/Day
From MSW

 

Agricultural Food Production and Processing 

Will consist of a 100 hectare Tilapia fish farm for producing mercury free and organically 
grown Tilapia fish for processing into filets for local demand as well as the export fish 
market.  The estimated weight of 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 volatile solids/Day.  At a 
commodity sell price of US$2.18/lb, the daily revenue is estimated at 281 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 VS/Day 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 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.   194.5 

 

US$1,225,160/Day
From Tilapia Fish

389 Tons VS/Day
From Tilapia Fish 

Processing Produces
194.5 Tons CH4/Day

and
267.4 Tons CO2/Day 



Tons CH4/Day x 1.375 = 267.44 Tons CO2/Day. 
 
The 1.4 Tons Volatile Solids/Day from Tilapia Fish Farming Wastes can be converted into 
CH4 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.  1.4 Tons VS/Day x 2,000 lbs/Ton x 
12 cu. ft./lb VS = 33,600 cu. ft. CH4/Day.   33,600 cu. ft. CH4/Day ÷ 24 cu. ft./lb = 1,400 
lbs/Day.  When divided by 2,000 lbs/Ton = 0.70 Tons CH4/Day.  0.70 Tons CH4/Day x 1.375 = 
0.96 Tons CO2/Day.    
 

1.4 Tons VS/Day
Produces

0.7 Tons CH4/Day and
0.96 Tons CO2/Day 

From Tilapia Fish 
Farming Wastes

 

Additional Agricultural Food Production and Processing 

A 10,000 Sow Farrow-To-Finish farming operation will be provided that will produce an 
average of 30 pigs/sow/year.  The 10,000 sows therefore translate into 30 x 10,000 = 
300,000 pigs/year.  At a midterm weight of 100 lbs, each hog will generate daily wastes 
sufficient to produce 3.02891 cubic feet of methane gas/hog/day (archived data from 
Premium Standard Farms, Kansas City) through anaerobic digestion for a total daily 
production of 3.02891 x 300,000 or 908,673 cubic feet.  At 24 cubic foot/lb, the methane 
production translates into 908,673/24 = 37,861 lbs/2,000 = 18.9 Tons CH4/Day.  18.9 Tons 
CH4/Day x 1.375 = 26.0 Tons CO2/Day.   

Pigs usually reach market weight between 5 and 6 months of age at approximately 260 to 
280 pounds.  During this time, the pigs are often fed several corn-soybean meal based 
diets that change in nutrient composition to meet their needs.  Pigs weigh about 3 pounds 
at birth and stay with the sow until 21 days of age.  At this time, they are placed on a grain 
diet.  Pigs have unlimited access to feed and water at all times.  They will eat about 1 
pound of feed per day at weaning and as much as 8 pounds of feed per day as they near 
market weight.  Water intake is about 1 gallon per day up to 5 or 6 gallons per day as they 
near market weight.  Just weaned pigs (21 days of age) need to be kept at about 80 to 85 
degrees Fahrenheit and by market weight 65ºF.  Therefore, heating and cooling systems 
need to be in place throughout their entire growing period.  A total of 4 MW of electricity 
will be required for the pig farming operations. 

For market hogs the pigs will consume about 3 to 4 percent of their body weight.  A 200-
pound hog will consume about 6 to 6.5 pounds each day. 

• Nursery pigs weighing about 10 pounds consume around 0.5 pounds 
• Feeder pigs weighing about 50 pounds consume around 1 to 2 pounds 
• Grower pigs (now referred to as hogs) weighing about 100 pounds consume 

around 3 to 4 pounds 
• Finisher hogs weighing about 150 pounds consume around 4 to 5 pounds 
• Hogs more than 200 pounds consume around 6 to 7 pounds 

United States retail pork prices are currently around US$2.87/lb and on the increase.  The 
wholesale producer receives about 43% of this price or US$1.46/lb.  The above prices 
represent the average for the last 3 years.  As a commodity there is no guarantee they will 
drift up or down but will likely continue to fluctuate as they have been for the last 50 
years.  Current marketplace dressed pork yields are over 3,750 lbs/year/sow.  A 10,000 
sow farrow-to-finish operation is estimated to produce 37,500,000 lbs of dressed pork/year 
or an average of 102,740 lbs/Day.  At US$1.46/lb the daily revenue is estimated at 
US$150,000.00.  The exported pork product will be certified as organically produced.  
Organic food is produced according to a set of principles and standards concerning such 
issues as pesticides, additives, animal welfare (medications) and sustainability.  Organic 
pork will carry a higher marketplace value than non-organically produced pork similar to 
all organically produced food products. 
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At a finished market weight of 250 lbs, 300,000 pigs x 250 lbs = 75,000,000 lbs/year.  
75,000,000 lbs/year ÷ 2,000 lbs/Ton = 37,500 Tons/year.  37,500 Tons/year ÷ 365 days/year 
= 102.7 Tons/Day.  The processing of pork yields about 30% biowastes.  The total 
processing wastes calculate out at 102.7 Tons x 30% = 30.8 Tons VS/Day.  When 
anaerobically digested the 30.8 Tons/Day volatile solids x 2,000 = 61,600 lbs VS/Day.  
61,600 lbs VS/Day x 12 = 739,200 cu ft methane gas/Day.  At 24 cubic feet/lb, the methane 
production translates into 739,200 CFD CH4/24 = 30,800 lbs/2,000 = 15.4 Tons CH4/Day.  
15.4 Tons CH4/Day x 1.375 = 21.2 Tons CO2/Day. 
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Power Required for Project Building 

The project building will provide 15 MW of power for the community served. The project 
building will contain a large photobioreactor that will receive its lighting requirements 
from long lasting light emitting diode (LED) illumination.  The power generation required 
for the photobioreactor is 60 MW.  Additional project building equipment will require an 
additional 25 MW.  Reserve power requirements are indicated at 50 MW to enable a 75% of 
total capacity generation factor.  Total power required for the project building adds up to 
15 + 60 + 25 + 50 = 150 MW.   
 

150 MW Power
Required For Project 

Building

 
Total Volatile Solids Produced From 

Marketplace Municipal Solid Wastes (MSW) 
Biowastes-To-Energy Feedstocks 

 
Subtotal Total Volatile Solids Produced From All Above Sources: 
1.  From Municipal Solid Wastes: 264 Tons VS/Day
2.  From Tilapia Fish Farming and Processing: 390 Tons VS/Day
3.  From Pig Farming and Processing: 68.7 Tons VS/Day
Subtotal  becomes 264 + 390 + 68.7 =  723 Tons VS/Day 723 Tons VS/Day
 
Subtotal Methane Gas Produced From All Above Sources: 
1.  From Municipal Solid Wastes: 132 Tons CH4/Day
2.  From Tilapia Fish Farming and Processing: 195.2 Tons CH4/Day
3.  From Pig Farming and Processing: 34 Tons CH4/Day
Subtotal  becomes 132.0 + 195.0 + 34.4 =  361.2 Tons CH4/Day 361.4 Tons CH4/Day
 
Subtotal Carbon Dioxide Gas Produced From All Above Sources: 
1.  From Cement Manufacturing: 300 Tons CO2/Day
2.  From Municipal Solid Wastes (MSW): 181.5 Tons CO2/Day
3.  From Tilapia Fish Farming and Processing: 268 Tons CO2/Day
4.  From Pig Farming and Processing: 47.2 Tons CO2/Day
Subtotal becomes 300 + 181.5 + 268 + 47.2 = 796.7 Tons CO2/Day 796.7 Tons CO2/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 

Products Of Two-
Phase Anaerobic 

Digestion



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 cu ft 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 
129,000 cu ft of CH4/Day produces 1 MW of combined cycle electricity power generation 
The equivalent of 258,000 cu ft of CH4/Day produces 1 MW of power from a coal fired plant  
1 Ton CO2/Day produces 90.91 Gallons Biodiesel/Day 
1 Ton CO2/Day produces 0.727 Tons O2/Day through photosynthesis 
Weight of biodiesel = 7.26 lbs/Gallon 
Weight of liquefied natural gas (LNG) = 3.84 lbs/Gallon 
Weight of liquefied nitrogen = 6.74 lbs/Gallon 
Weight of liquefied oxygen = 9.51 lbs/Gallon 
Weight of methanol = 6.63 lbs/Gallon 
Weight of water = 8.34 lbs/Gallon 
 

Volatile Solids (VS)
 x 12 = cu. ft. CH4 

 
cu. ft. CH4 x 0.0423

 = lbs CH4

lbs CH4 x 1.375 
= lbs CO2 

 
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.  
Ongoing Spirulina microalgae production is achieved by individual cell division.  
Electricity requirements = 100 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 combustion gas output from electricity 
generation.  In addition, it will receive 100% of the output of macronutrients from the 
reverse osmosis treatment equipment 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.  
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: 
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                                                                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 also 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 + 2,880 kJ/mol 
 
Under intense lighting conditions the rate of photosynthesis is likely 20 times that of 
respiration.  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 
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.  
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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 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: 
 
A total of 150 MW of electricity will be produced for the 50,000 population community and 
the project building.  About 100 MW of electricity will be used internally for the 
photobioreactor, air liquefaction, methane gas compression, tilapia fish lighting, pig 

150 MW Total 
Electricity Generation 

Capability

1 Ton CH4 Produces 
2.75 Tons CO2 From 

Electricity Generation



production, and general building use.   
 
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.  For each ton of CH4 used for electricity generation a total of 64/16 or 4.0 tons 
of O2 will be produced through photosynthesis.   For each ton of CH4 used for electricity 
generation a total of 36/16 or 2.25 tons of H2O will be produced.  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.  For each ton of CH4 used for electricity generation a total of 105/16 or 6.56 tons 
of Nitrogen will be produced.      
 
If 150 MW of electricity is produced to provide energy independence within the community 
as well as the project building, a total of 150 MW x 129,000 CH4/Day/MW = 19,350,000 cubic 
feet of methane gas will have to be used each day.  At 24 cubic foot/lb, the methane usage 
translates into 19,350,000 cu ft CH4/24 = 806,250 lbs/2,000 = 403 Tons CH4/Day.  Since each 
ton of CH4 produces 2.75 Tons of CO2 the generation of 150 MW of electricity produces 
403 x 2.75 = 1,109 Tons of CO2/Day due to the generation of electricity.  Since each ton of 
CH4 produces 2.25 Tons of H2O, the generation of 150 MW of electricity also produces 403 
x 2.25 = 907 Tons of H2O/Day.  Since each ton of CH4 also produces 6.56 Tons of N2 due to 
the generation of electricity, 403 Tons CH4 x 6.56 = 2,645 Tons N2/Day.  Since each ton of 
CH4 produces 4.0 Tons of O2 through photosynthesis the generation of 503 Tons of CH4 
produces 2,012 Tons O2/Day. 
 
Source No. 2:  Two-Phase Anaerobic Digestion: 
 
From above 796.7 Tons CO2/Day subtotal from all above sources, add 1,109 Tons CO2/Day 
from electricity generation = 1,906 Tons CO2/Day. 

From above, each ton of CO2 produces 0.727 Tons O2/Day through photosynthesis and 
0.682 Tons of Spirulina microalgae, therefore 1,906 Tons CO2/Day produces 1,906 x 0.727 
= 1,385 Tons O2/Day as well as 1,906 x 0.682 = 1,300 Tons Spirulina microalgae/Day.    
 
Since one ton CO2/Day produces 0.04 tons biodiesel/Day, 1,906 Tons CO2/Day produces 
1,906 x 0.04 tons = 76 tons biodiesel/Day.  At a specific gravity of 0.88 this is equivalent to 
76 tons x 2,000 lbs/ton divided by 0.88 specific gravity = 173,273 gallons/day.   
 
Since each gallon of biodiesel produced generates 21.12 lbs of volatile solids, 173,273 
gallons x 21.12 = 3,659,520 lbs. Volatile Solids/Day.  3,659,520 lbs Volatile Solids/Day ÷ 
2,000 lbs/Ton = 1,830 Tons Volatile Solids/Day. The 1,830 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 1,830 Tons VS/Day x 2,000 lbs/Ton x 12 = 43,914,240 cu. ft. CH4/Day.  
43,914,240 cu. ft. ÷ 24 cu ft/lb = 1,829,760 lbs CH4/Day.  1,829,760 lbs CH4/Day ÷ 2,000 
lbs/Ton = 915 Tons CH4/Day.  1,829,760 lbs CH4/Day x 1.375 = 2,515,920 lbs CO2/Day.  
2,515,920 lbs CO2/Day ÷ 2,000 lbs/Ton = 1,258 Tons CO2/Day.  
 
Since one ton CO2/Day produces 0.727 Tons O2/Day through photosynthesis, 1,258 Tons 
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CO2/Day produces 1,258 x 0.727 = 915 tons O2/Day thus increasing O2 production from 
1,385 Tons/Day to 2,300 Tons/Day.  Since one ton CO2/Day produces 0.682 Tons of 
Spirulina microalgae/Day 1,258 Tons CO2/Day x 0.682 = 857 additional Tons Spirulina 
microalgae/Day increasing total production from 1,300 Tons/Day to 2,157 Tons/Day.  Since 
one ton CO2/Day produces 0.04 tons biodiesel/day, 1,258 Tons CO2/Day produces 1,258 x 
0.04 tons = 50 tons biodiesel/Day.  At a specific gravity of 0.88 this is equivalent to 50 tons 
x 2,000 lbs/ton divided by 0.88 specific gravity = 114,360 gallons biodiesel/day thus 
increasing biodiesel production from 173,273 GPD to 287,633 GPD.  Since one ton 
CO2/Day produces 0.96 tons volatile solids/day, 1,258 Tons volatile solids/Day produces 
1,258 x 0.96 tons = 1,208 tons volatile solids/Day thus increasing production from 1,830 
Tons VS/Day to 3,038 Tons VS/Day.  1,208 tons volatile solids/Day x 2000 lbs/Ton x 12 = 
28,984,320 cu ft CH4/24 = 1,207,680 lbs/2000 = 604 Tons CH4/Day thus increasing CH4 
production from 915 Tons/Day to 1,519 CH4/Day.  Since each ton of CH4 produces 4.0 Tons 
of O2 through photosynthesis the generation of 1,519 Tons CH4/Day increases O2 
production from 2,012 Tons/Day to 3,531 Tons O2/Day through photosynthesis.   
 
 Since the basic waste-to-energy process fully satisfies electricity demand the excess 
methane gas will be beneficially used for: 
 

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 renewable natural gas biofuel to the marketplace.    
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Pig and Tilapia Fish Feed Requirements 

 
The 10,000 sow operation will produce 102.7 Tons/Day of finished hogs.  It takes about 1.2 
lbs of feed to increase a pig’s weight by 1.0 pound.  The 102.7 Tons of finished hogs will 
require 102.7 x 1.2 or 123 Tons of feed per Day. The production of tilapia fish is 335 
Tons/Day.  It takes about 1.2 lbs of feed to increase the fish weight by 1.0 pound.  The 335 
Tons of finished fish will require 335 x 1.2 or 402 Tons of feed per Day.  Combined feed 
requirements are 123 + 402 = 525 Tons feed/Day.  Spirulina microalgae production at 2,157 
Tons feed/Day will entirely satisfy pig and tilapia fish feeding requirements.   
 
 
  

OAT Process Power Generation Potential 
 

 361.4 + 1,519 = 1,880 Tons CH4/Day available.  1,880 Tons CH4/Day x 2,000 lbs/Ton 
= 3,760,800 lbs/Day.  3,760,800 lbs/Day x 24 cu ft/lb = 90,259,200 cu ft/Day.  
90,259,200 cu ft/Day ÷ 129,000 cu ft/MW = 700 MW power potential.  700 MW less 
15% parasitic digester plant use = 595 MW Net renewable energy potential 
available.  595 MW minus dedicated 150 MW for project building = 445 MW 
available.  445 MW x 129,000 cu ft/Day = 57,405,000 cu ft methane gas 
available/Day.  One half or 28,702,500 cu ft of the excess methane will be 
converted into liquefied natural gas (LNG) and the other half will be converted into 
methanol. 
 
28,702,500 cu ft CH4/Day ÷ 24 cu ft/lb = 1,195,938 lbs/Day.  1,195,938 lbs/Day ÷ 3.84 
lbs LNG/Gallon = 311,442 Gallons LNG/Day. 
 
28,702,500 cu ft CH4/Day ÷ 24 cu ft/lb = 1,195,938 lbs/Day.  1,195,938 lbs/Day ÷ 6.60 
lbs Methanol/Gallon = 181,203 Gallons Methanol/Day. 
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 Each gallon of produced biodiesel generates 21.12 pounds of volatile solids.  
287,633 GPD of produced biodiesel x 21.12 = 6,074,809 lb VS/Day or when divided 
by 2,000 lbs/Ton = 3,037 Tons VS/Day.  Above subtotal of 723 Tons VS/Day + 3,038 
Tons VS/Day = 3,761 Tons VS/Day. 

         
 Two-Phase Anaerobic Digester Size Calculations:  
  Volatile Solids = 3,761 Tons/Day x 2,000 lbs/Ton = 7,522,000 lbs/Day  
  VS:COD = 1:2, COD = 15,044,000 lbs COD/Day  
  Organic Loading lbs COD/Day/Cubic Foot = 6  
  Digester Size = 15,044,000/6 = 2,507,333 Cubic Feet  
  Digester Size In Gallons = 2,507,333 x 7.481 = 18,757,360 Gallons  
  Safety Factor = 1.5  
  Digester Size = 18,757,360 x 1.5 = 28,136,000 Gallons (450’ x 450’ x 

20’H) 
 

  Estimated Constructed Cost At US$11.18/Gallon = US$314,701,449 
rounded up to US$315,000,000 

   
Schedule of Project Construction Costs:  
 Anaerobic Digester Feed Tank:  US$3,000,000 US$3,000,000
 105 MGY Biodiesel Manufacturing Equipment:  US$28,000,000 US$28,000,000
 Biodiesel Storage Tank with 90 Day 25 million gallon storage capacity measuring 

500’ x 500’ x 20’H at US$0.50/Gal constructed cost:  US$12,500,000 US$12,500,000
 Building Size:  1 km x 1 km x 3 Stories with 33,000,000 sq. ft. @ US$5.00 = 

US$165,000,000 
US$165,000,000

 Cement Kiln Constructed Cost:  US$12,000,000   US$12,000,000
 Concrete Ready Mix Plant Constructed Cost = US$3,000,000 US$3,000,000
 EAF Steel Recycling Process Equipment Constructed Cost:  US$4,000,000 US$4,000,000
 LED Lighting Purchase Cost:  US$60,000,000 US$60,000,000
 Liquefied Natural Gas (LNG) Storage Tank with 137,772 GPD =  90 Day 13 million 

gallon storage capacity measuring 300’ x 300’ x 20’H at US$0.50/Gal constructed 
cost:  US$5,000,000 US$5,000,000

 Liquefied Nitrogen Air Separation Equipment:  US$300,000,000   US$300,000,000  
 Liquefied Nitrogen Delivery Equipment:  US$500,000 US$500,000
 Methanol Storage Tank with 181,203 GPD = 90 Day 16 million gallon storage 

capacity measuring 350’ x 350’ x 20’H at US$0.50/Gal constructed cost:  
US$8,000,000 

US$8,000,000

 Liquefied Nitrogen (LNG) Storage Tank with 2,645 Tons x 2,000 lbs/Ton = 
5,287,3360 ÷ 6.74 lbs/Gal = 784,475 GPD or 90 Day 70 million gallon storage 
capacity measuring 700’ x 700’ x 20’H at US$0.50/Gal constructed cost:  
US$36,000,000 

US$36,000,000

 Liquefied Oxygen Storage Tank with 3,397 Tons/Day x 2,000 lbs/Ton ÷ 9.51 lbs/Gal 
= 714,406 GPD or 90 Day 65 million gallon storage capacity measuring 700’ x 700’ 
x 20’H at US$0.50/Gal constructed cost:  US$36,000,000 US$36,000,000

 Methane Compression Equipment sized at 50 million CFD:  US$50,000,000 US$50,000,000
 Photobioreactor:  US$100,000,000 US$100,000,000
 Potable Water Storage Tank with 217,506 GPD 90 Day 20 million gallon storage 

capacity measuring 400’ x 400’ x 20’H at US$0.50 Constructed Cost:  
US$12,000,000 

US$12,000,000

 Combined Cycle Power Generation Equipment sized at 150 MW:  US$1,500,000/MW 
x 150 MW =  US$225,000,000 US$225,000,000

 Reverse Osmosis Equipment:  US$6,000,000 US$6,000,000
 Sow Procurement Costs:  US$5,000,000 

Electricity Requirements = 2.0 MW 
 

US$5,000,000
 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 US$500,000

 Two-Phase Anaerobic Digester:  US$315,000,000 US$314,511,120
 Subtotal Project Construction Costs:  US$1,386,000,000 US$1,386,000,000 
 Add 15% Contingencies  @ US$207,900,000 US$207,900,000
 Total Project Construction Costs:  US$1,593,900,000 US$1,593,900,000
     
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:  40 MW x 24 = 960 MWh/Day @ US$45.00/MWh = 

US$43,200/Day.  This amount of electricity generation will provide the 
average demand load of the community for the next 20 years.   

 

US$43,200/Day
 From Biodiesel:  287,633 GPD always priced at 80% of existing marketplace 

retail.  Current retail is US$2.50/gallon and increasing.  US$2.50 x 80% = 
US$2.00.  287,633 x US$2.00 = US$508,000/Day. 

 

US$575,266/Day
 From Methanol:  181,203 GPD always priced at 80% of existing marketplace 

retail.  Current retail is US$4.00/gallon and increasing.  US$4.00 x 80% = 
US$3.20.  181,203 x US$3.20 = US$579,850/Day. US$579,850/Day

 From Liquefied Nitrogen (LN2)(LIN):  2,645 Tons/Day =  784,475 GPD priced 
at US$0.50/gallon = US$392,238/Day. US$392,238/Day

 From Liquefied Oxygen with 714,406 GPD x 9.51 lbs/Gal = 6,794,000 lbs/Day 
÷ 2,000 lbs/Ton = 3,397 Tons/Day.  3,397 Tons/Day x US$225/Ton = 
US$764,325/Day. 

US$764,325/Day

 From  300’ x 300’ x 20’ high LNG Storage Tank producing 137,772 
Gallons/Day or x 208.33 cu ft/Gal = 28,702, 500 cu ft of  Compressed 
Renewable Natural Gas Fuel priced at US$4.80/1000 cubic feet/Day = 
28,702,500 ÷ 1000 x US$4.80 = US$137,772/Day.   US$137,772/Day

 From Processed Pork Exports:  Retail pork prices are currently around 
US$2.87/lb.  The wholesale producer receives about 43% of this price or 
US$1.46/lb.  The above prices represent the average for the last 3 years.  As 
a commodity there is no guarantee they will drift up or down but will likely 
continue to fluctuate as they have been for the last 50 years.  Current 
marketplace dressed pork yields are over 2,750 lbs/year/sow.  A 10,000 sow 
farrow-to-finish operation is estimated to produce 27,500,000 lbs of dressed 
pork/year or an average of 75,342 lbs/Day.  At US$1.46/lb the daily revenue 
is estimated at US$150,000.00. 

 
 
 
 
 

US$150,000/Day
 From Fresh Tilapia Filet Exports:  US$613,452 at a sell price of US$2.18/lb US$1,225,160/Day
 Renewable Energy and other Credits based on estimated 100 MW Project 

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

Reduction.  150 MW Project Power Production x 24 hour/Day = 
3,600 MWh/Day.  3,600 MWh/Day x 1,100 lbs CO2 Reduction (using 
natural gas)/MWh ÷ 2,000 lbs/Ton =1,980 Tons/Day = 722,700 
Tons/Year x 2,000/2,204 = 655,808 Tonnes/Year @ US$20 (range 
of US$20-US$40) = US$13,116,152/Year ÷ 365 = US$35,935/Day for 
years 2008-2012 delivery. US$35,935/Day

Total Project Revenue Streams: US$3,903,746/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.  Total Land Requirements:  Estimate 500 hectare 
 
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 of lighting) 
     15.5 hours of daylight (max 10 ft-candles) 
     0.5 hours of sunset (begins at 10 p.m. w/3 ft-candles of lighting) 
 







 
Nonrecourse Project Capital Cost Structure 

 
Democratic Socialist Republic of Sri Lanka 

 
BioWastes-To-Renewable Energy, Food, BioFuels, and Water Independence Plant 

 
The total estimated capital and development costs of the design-build-own-operate wastes-to-
renewable energy project total $2,892,013,922 (US$4,912,013,9227 total all costs less 
technology and development cost of US$2,020,000,000 = US$2,892,013,922) utilizing both new 
and remanufactured process equipment.  The major components of capital and other costs are 
as follows: 
 

Item Description Cost in US$ 
Anaerobic Digester Feed Tank Constructed Cost1 3,000,000
105 MGY Biodiesel Manufacturing Equipment Constructed Cost2 28,000,000
Biodiesel Storage Tank Constructed Cost 12,500,000
Building Size 2.0 km x 2.0 km x 200 m high Constructed Cost3 924,000,000
Cement Kiln Constructed Cost4 12,000,000
Concrete Ready Mix Batch Plant Constructed Cost5 3,000,000
EAF Steel Recycling Process Equipment Constructed Cost 50,000,000
LED Lighting Purchase Cost8 60,000,000
LNG (Liquefied Natural Gas) Storage Tank Constructed Cost 5,000,000
Liquefied Nitrogen Air Separation Equipment Procurement Capital Cost 300,000,000
Liquefied Nitrogen Delivery Equipment Procurement Capital Cost 500,000
Methanol Storage Tank Constructed Cost 8,000,000
Liquefied Nitrogen Storage Tank Constructed Cost 240,000,000
Liquefied Oxygen Storage Tank Constructed Cost 21,500,000
Methane Gas Compression Equipment Installed Capital Cost 50,000,000
Photobioreactor Capital Equipment Constructed Cost7 100,000,000
Potable Water Storage Tank Constructed Cost 25,000,000
Power Generation Equipment Procurement Cost9 225,000,000
Reverse Osmosis Equipment Procurement Cost 6,000,000
Sow procurement Costs 5,000,000
Fish Processing Equipment Constructed Cost6 500,000
Two-Phase Anaerobic Digester Constructed Cost1 314,511,120
Subtotal Project Costs 2,393,511,120
Add 15% Contingencies 350,026,668
Total Capital Costs 2,743,537,788
Finance Charges  16,000,000
Interest During Construction 30,000,000
Administration/Legal 150,000
Permitting 20,000
Technology & Development Cost 2,020,000,000
Project Development Fee @ 3% of US$2,743,537,788 82,306,134
Working Capital 20,000,000
Total All Costs 4,912,013,922
 
Nonrecourse Project Financing Will Be Structured As Follows: 



 
Developer Equity as Technology, 70%10 2,020,000,000
Investor Equity as Cash, 27.8% 1,125,000,000
Finance 1,767,013,922
Loan Term, Years 10
Interest Rate 10%
Developer will contribute 2,020,000,000 equity in the project as the value of the technology.10 
Investor will contribute US$1,125,000,000 cash and the balance will be financed. 

With Following Notes:   

1. The anaerobic digester and its associated feed tank will be constructed of precast 
concrete panels.  The panels will be manufactured by Wieser Concrete Products, Inc. and 
barge shipped to destination project site.  The Wisconsin based precast concrete 
manufacturer POC is Phil Miller @ phone 800.325.8456 (see 
http://www.wieserconcrete.com/about.html). 

 

2. The biodiesel production equipment will be designed and manufactured by California 
based R. C. Costello & Associates, Inc.  The POC is Rocky Costello, P.E. @ phone 
310.792.5870 (see http://www.rccostello.com/).  

 

3. The low cost of the project building is made possible by the 100% internal recycling of 
inorganic wastes that are produced from the anaerobic digestion process.  These 
inorganic wastes are combined with cement and water in the production of precast 
concrete panels.  The special purpose project company will produce its own cement to 
further minimize construction costs.  See attached WSE Engineering Drawing No. S-6099-
1 for additional details.  The POC at WaterSmart Environmental is Chuck Steiner @ 
913.897.2727 (see http://www.watersmart.com/).   

 

4. The cement kiln will be sourced through Canada based Cement Process Consulting, Ltd.  
The POC is Ken Postle @ phone 403.472.4519 (see http://www.cement-
process.com/index.htm).  

 

5. The concrete ready mix plant will be sourced through Canada based Cement Process 
Consulting, Ltd.  The POC is Ken Postle @ phone 403.472.4519 (see http://www.cement-
process.com/index.htm).  

 

6. The fish production and processing equipment will be sourced through Colorado based 
Fisheries Technology Associates, Inc.  The POC is Bill Manci @ phone 970.225.0150 (see 
http://www.ftai.com/).  



 

7. The enclosed photobioreactor consists of 2 miles long 12”Ø clear PVC pipe.  A possible 
supplier is Harvel Plastics, Inc. but other sources will be considered prior to procurement 
(see http://www.harvel.com/).   

 

8. The artificial lighting for the photobioreactor consists of 5 miles of high efficiency long 
lasting (10 years or more) light emitting diode (LED) lighting that will be wrapped barber 
pole fashion around the clear PVC pipe.  A possible supplier is Light Waves Concept, Inc. 
but other sources will be considered prior to procurement (see 
http://www.lightwavesconcept.com/).   

 

9. The power generation equipment will be sourced through UK based Combustion, Energy 
& Steam Specialists, Ltd.  The POC is Mike Craigie @ phone +44 (0) 1856 851177 (see 
http://www.cess.co.uk/).  

 

10. The seemingly high percentage of developer equity as technology is justified on the basis 
that it is the only economic development technology that simultaneously achieves: 

• 100% compliance with Kyoto Protocol thus helping to reverse global warming, 
• Distributed Biofuels (biodiesel and compressed natural gas or CNG) independence, 
• Distributed Food independence, 
• Distributed Renewable energy independence, 
• Distributed Water independence, and 
• Complete internal recycling of all byproducts and waste streams thereby producing a 

useful product—namely precast concrete products that will be used for constructing 
the project building itself as well as infrastructure roads, light rail transit surface 
transportation system, precast concrete potable water distribution system, precast 
concrete wastewater collection system, and precast concrete encased renewable 
energy power distribution system.  In doing so the community initiative project will 
become the very first zero carbon and zero waste community in the world. 

 Climate Change has now become the most serious worldwide concern as the 
 sustainability of our planet appears to be at rapidly increasing risk.  Renewable Energy 
 Technologies that address climate change are therefore in great demand.  Technologies 
 that address both climate change and substantial economic development are in even 
 greater demand.  The proposed waste-to-energy technology has required over 30,000 
 hours of research  over a 10 year period to develop thus fully justifying the seemingly 
 high percentage of developer equity as technology.  It is the very first and only  
 worldwide technology that is technically capable of simultaneous distributed energy 
 independence, distributed food independence, distributed fuels independence, and 
 distributed water independence with all in full compliance with Kyoto Protocol. 

The proposed wastes-to-renewable energy technology consists of a suite of individual 
component technologies.  The individual component technologies are: 



 
• Biodiesel Production With Associated Waste Processing. The National Renewable Energy 

Laboratory (NREL) pioneered the very first production of biodiesel from microalgae.  The 
research and development was carried out under the “Aquatic Species Program” (ASP) 
that consisted of the first production of a biofuel called “algal biodiesel” (see  
http://www1.eere.energy.gov/biomass/pdfs/biodiesel_from_algae.pdf).  Under the 
referenced program Algal Biodiesel was produced through the growing of microalgae for 
their lipid content.  The lipid content was then converted into biodiesel through chemical 
transesterification in the same manner that soybeans and other vegetable oils are now 
being converted into biodiesel.  The ASP funding totaled $25.05 million over a 20 year 
period that began in 1978.  Continuation funding was ultimately terminated when it was 
officially determined that algal biodiesel could not be produced economically.  The ASP 
obtained its research data from growing microalgae in warm open ponds (Salton Sea in 
Southern California) at a pH of 8.2 using atmospheric carbon dioxide.  The Salton Sea is 
the recipient of agricultural runoff nutrients as well as additional nutrients contained in 
municipal sewage treatment plants discharges.  The Middle Cordoba Province Project will 
produce microalgae within an enclosed photobioreactor that will operate at the optimum 
growing temperature of 35ºC (95ºF) and at the optimum growing pH of 9.4.  
Photosynthesis will occur 24/7 rather than just during daylight hours by using long lasting 
light emitting diode (LED) lighting.  The photobioreactor will receive the total carbon 
dioxide output from both the anaerobic digester as well as the power generation 
equipment thus substantially increasing production over that obtainable from using 
carbon dioxide from the atmosphere.  Microalgae production will be further increased by 
adding the micronutrients contained in the reverse osmosis concentrate stream thus 
substantially improving microalgae production.  The total increase of these process 
modifications over that obtained by the National Renewable Energy Laboratory’s ASP is 
estimated at a factor of at least 1000 to 1.  By producing the microalgae within an 
enclosed photobioreactor the technology becomes totally compliant with Kyoto Protocol 
since all discharges of greenhouse gases to the environment are eliminated. 

 
• Cement manufacturing as a technology has been practiced for many hundreds of years 

throughout the entire civilized world. 
 

• Fish farming was first practiced by the Chinese over 100 years ago.  Due to the over 
fishing of the oceans fish farming is now widespread throughout the entire civilized world.  

 
• Precast concrete panels and piping have been manufactured for the last 50 years.  The 

use of precast concrete panels has become quite popular in the building industry during 
the last 10 years. 

 
• Liquefied Nitrogen and Liquefied Oxygen have been produced in the marketplace for the 

last 50 years.  Names of today’s largest industrial suppliers consist of Air Liquide, Air 
Products & Chemicals, Inc., Cryogenic Industries, Inc., Gas Systems Corporation, and 
Praxair, Inc.   

 
• Methane gas-to-methanol alcohol through synthesis gas (syngas) technology represents 

the standard method of producing methanol throughout the civilized world. 
 

• Microalgae production through the use of a photobioreactor (use of artificial light rather 
than sunlight) is now being done at several research institutions.  The technology has yet 
to be put into full scale commercial operation.   



 
• The anaerobic digestion of municipal solid wastes (MSW) was first accomplished by two-

phase anaerobic digestion in 1996 (see http://lib.kier.re.kr/caddet/retb/no66.pdf).  More 
recently the management of municipal solids wastes is being accomplished using 
conventional anaerobic digestion by Waste Management, Inc., a waste management 
company (see http://www.wm.com/WM/environmental/Bioreactor/technologies.asp).   

 
• Pig farming and processing has been practiced around the world for the last 100 years. 

 
• Precast concrete panels and precast concrete pipes have been manufactured for the last 

50 years throughout the world. 
 

• Renewable energy power generation has been practiced for at least 30 years in the EU 
and 20 years in the United States. 

 
• Reverse osmosis treatment has been around on a commercial basis for over 30 years.  

During the last 5 years its marketplace costs have been halved and it is now considered 
very good and very affordable technology. 

    
 
 



Sri Lanka Prefeasibility Study, February 22, 2008 Totals and Notes 
Location:  Democratic Socialist Republic of Sri Lanka  
Technology Provider:  WaterSmart Environmental, Inc.  
Joint Project Developers: 
 
Aimacon International, Inc. 
Contact:  Japhet Gama 
3 Eglinton W. Unit 21 
Mississauga, ON  L5R 3E7 
Phone Number:  905.568.3244 
Fax Number:  905.568.2235 
email:  Jeff@aimaconfs.com 
 
Commercial Global Funding, LLC 
Contact:  John W. Johnson, President/CEO 
email:  jjohnson@commercialglobalfunding.com 
Phone Numberss:  651.501.1501, 651.207.4073 
Fax Number:  651.501.1505 
 
GlobalCapitalAdvisory.Com 
Contact:  Amit Vaswani, Director 
email:  amit.vaswani@globalcapitaladvisory.com 
Phones:  +852.8120.8450, +1.310.856.9836 
Faxes:  +852.3015.9417, +1.310.861.1532 
 
Sipho Enterprises 
Contact:  Ollie Sipho 
email:  siphofunding@msn.com 
Phone Numbers:  619.972.3935, 619.434.4759 
Website:  http://www.siphoent.com/index.html 
 
Sandishree International Limited 
32B Greville Street 
London EC1N 8TB 
Contact:  Rajesh Patel 
Phone Numbers:  +44 2078317824/, +44 7876144433 
Skype ID:  rajeshoo7 
emails:  rajesh@ssiltd.net, rajeshssi@o2mail.co.uk 
 
Unitsky String Transport System 
Contact:  Anatoly Unitsky 
email:  info@unitsky.ru 
Phone Number:  +7 095 116-15-48 
Fax Number:  +7 095 116-15-48 
Website:  http://www.unitsky.ru 
 

 

Project Type:  Economic Development through Design-Build-Own-Operate BioWastes-To-
Renewable Energy, BioFuels, Organic Foods, and Potable Water Independence 

 

Estimated Project Cost:  US$2,743,537,788 for each 2.0 km x 2.0 km x 3 story high project 
building 

Estimated Project 
Building Cost: 

US$2,743,537,788
Estimated Daily Project Revenue for each project building:  US$41,035,808 Estimated Project 

Building Revenue: 
US$41,035,808/Day

Number of project buildings required: 1  
Project Activities: 
 
1.  Extensive Agricultural Production and Processing that additionally includes renewable 
energy, biofuels, and water production along with 100% recycling of all byproducts into 

 



precast concrete panels and piping for infrastructure development, and 
 
2.  The construction and sale of self-biofueled trains and locomotives, and 
 
3.  The construction and sale of self-biofueled concrete ships, and 
 
4.  The construction and sale of tidal generators. 
Jobs Creations Potential for each 2.0 km x 2.0 km x 3 story high project building:  5,000  
BioWastes Treated:  Municipal Solid Wastes (MSW), Medical Wastes, Construction & 
Demolition Wastes, Foods Production & Processing Wastes, Biodiesel Processing 
Wastes, and Petroleum Derived Shipbreaking Wastes 

 

Local Population Served for each 1 km x 1 km x 3 story high project building:  50,000  
Residual Wastes to Landfill:  Zero  
Greenhouse Gaseous Emissions to the Environment:  Zero  
Climate Change Carbon Footprint:  Zero  
Investor Internal Rate of Return:  Optimal  

 
Detailed Project Description 

 
The economic development objective is to produce 100% of the local demand for 
electricity, 100% of the local demand for biodiesel biofuel, 100% of the local demand for 
natural gas (methane gas is a near equivalent to natural gas) biofuel, and 100% of the 
local demand for potable water.  Biodiesel (B100) can be used as a direct replacement for 
petroleum diesel without equipment modification.  Each economic development project 
includes the required infrastructure for local distribution of renewable energy, renewable 
natural gas, and potable water.  To the extent that methane gas is used for electricity 
generation or renewable natural gas significant energy credits are created.  Additional 
energy credits are also created in the production of biodiesel biofuel.  Electricity 
generation, renewable natural gas production, and biodiesel production are carbon 
neutral products of each project building.   
 
The renewable energy electricity produced will be designed to achieve per capita 
distribution at 5.0 kWh/person/Day.  The United States, for example, is now consuming 
electricity at the rate of 3.5 kWh/person/Day.  At 5.0 kWh/person/Day the waste-to-energy 
technology will provide energy independence for at least 25 years based on the existing 
increase in consumption trend that has already been established in the United States. 
 
The renewable oil (biodiesel B100) produced is designed to achieve a surplus of this 
product.  The United States, for example, is now consuming oil at the per capita rate of 3.0 
gallons/person/Day.  The waste-to-energy technology will produce biodiesel at the rate up 
to 287,633 gallons/Day thereby establishing a per capita availability of 5.75 gallons/Day for 
a surplus of 2.75 gallons/Day! 
 
The renewable natural gas (methane gas) produced is designed to achieve a surplus of 
this product.  The United States, for example, is now consuming natural gas at the rate of 
194 cubic feet/person/Day.  The waste-to-energy technology will produce natural gas 
(methane gas) at the rate up to 1,148 cubic feet/Day thereby establishing a per capita 
availability of 1,148 cu ft/person/Day for a surplus of 954 cu ft/Day!   
 
As additional marketplace background information, the production of ethanol from corn 
and biodiesel from beans has precipitated a massive food or fuel issue throughout the 
world causing the marketplace price of both corn and soybeans to increase dramatically.  
These increases have, in turn, caused the marketplace price of ethanol and biodiesel to 
increase as well the marketplace price of corn and soybean based food products.  It is 
these increases in marketplace prices that have caused the food or fuel issue.  With our 
marketplace approach the production of biodiesel from Spirulina microalgae stays 
completely clear of the food or fuel issue as does the production of renewable natural gas 

 
 
 
 
 
 
 
 
 
 
 
 

300 Tons CO2/Day
produced from 300 

Tons Cement 
Manufacturing/Day 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



from biowastes.  To achieve total sales of both renewable biodiesel and renewable natural 
gas biofuels they will be sold at a 20% discount from existing retail.  At this attractive 
pricing 100% of routine production will easily sell in the marketplace.  
 
Extensive Agricultural Production in each project building will consist of a 100 hectare 
tilapia fish farming operation that is sized to produce excess local marketplace demand 
for tilapia fish.  The excess processed fish will be exported to distant markets to provide 
visible cash flow to the project.  With a world population approaching 7 billion the fish 
output of a single project building calculates out to approximately 0.15% of worldwide 
demand of tilapia fish.  A total of 1 ÷ 0.0015 = 666 project buildings would therefore be 
required to satisfy worldwide demand for tilapia fish.  The marketing idea is to produce 
100% of the local demand for fish with the entire excess sold to export markets for visible 
sales revenue.  Additional agricultural activities may include other farm animals such as 
pigs, beef cattle, poultry, and dairy animals.    
 
In addition to agricultural production, each project building will produce Portland cement 
for the purpose of manufacturing precast concrete panels and precast concrete piping for 
infrastructure development.   
 

1. In the manufacturing of 300 Tons cement/Day, 300 Tons CO2/Day are produced.    
2. When processing biowastes through anaerobic digestion both methane gas and 

carbon dioxide gas are produced.  
3. When generating renewable energy both water vapor and carbon dioxide gas are 

produced.   
 

100% of the carbon dioxide gas and associated water vapor produced during the 
production of cement, the processing of biowastes, and the generation of electricity will 
be routed to an enclosed photobioreactor for the purpose of producing Spirulina 
microalgae.  Some of the Spirulina microalgae will be used as animal feed.  The remainder 
will be converted into biodiesel biofuel (B100) and sold to produce visible sales revenue.      
 
Spirulina microalgae contain about 6% lipids (fats).  In the production of biodiesel about 
6% of the Spirulina microalgae are converted into biodiesel biofuel (B100).  The 94% 
remaining biowastes are returned to the anaerobic digester to produce substantially more 
methane and carbon dioxide gases.  The resulting methane gas produced can be used for 
power generation with the excess sold as a renewable natural gas biofuel.  The resulting 
carbon dioxide gas produced from electricity generation and the carbon dioxide gas 
produced from anaerobic digestion will be automatically routed to the enclosed 
photobioreactor to enable production of additional Spirulina microalgae. 
 
Because nutrients will be 100% recycled internally, each project building will produce an 
excess of liquid fertilizer concentrate that will be distributed to area farmers in need on a 
no-charge basis.   
 
Because 100% of the water is recycled internally, excess 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  organically grown bananas, beets, black bass, beef cattle, beans, 
cassava, coffee, corn, cotton, dairies, lobster, onions, peanuts, 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 due 
diligence evaluations of the proposed methodoligies and sciences to be used. 
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Marketplace Municipal Solid Wastes (MSW) 
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 of MSW/person/day will be used to calculate the total 
feedstock biowaste amount.  For an area population of 50,000 for each project building the 
available biowastes calculate out at 50,000 x 2 lbs/person/Day = 100,000 lbs/day, or when 
divided by 2,000 lbs/Ton = 50 Tons/Day.   
 
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 or 48,000 lbs/2,000 lbs/Ton 
= 24 Tons VS/Day.  This amount of waste treated by anaerobic digestion produces 
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.   
 
Weight of methane gas produced through anaerobic digestion multiplied by 1.375 
= weight of CO2 produced.  12 Tons CH4 produced x 1.375 = 16.5 Tons CO2/Day.     

 
In addition to fresh municipal solid wastes, the project building will directly collect an 
additional 20 lbs/person/Day from existing area landfills, rubbish piles, and dumps for the 
twofold purpose of increasing the production of additional methane and carbon dioxide 
gases.  This activity will increase the methane and carbon dioxide gases by a factor of 10.  
10 times 24 Tons VS/Day = 240 additional Tons VS/Day.  10.0 x 12 Tons CH4/Day = 120 
additional Tons CH4/Day.  120 Tons CH4/Day x 1.375 = 165 Tons CO2/Day.  It is expected 
that area landfills, rubbish piles, and dumps will be excavated and subsequently 
remediated within 2-3 years of project start-up. 
 
 
Revenue collected for management of landfill wastes, municipal solid wastes, medical 
wastes, and construction & demolition wastes:  US$0/Day/Ton.  Never a charge, ever.  
Management of landfill wastes is always provided as a community service activity. 
 

24 Tons VS/Day
From MSW

Produces
12 Tons CH4/Day

and
16.5 Tons CO2/Day

Through Anaerobic
Digestion

Reclaiming Landfills 
Produces additional

240 Tons VS/Day,
120 Tons CH4/Day,

and
165 Tons CO2/Day

No charge for 
MSW disposal

US$0.00/Day
From MSW

 

Agricultural Food Production and Processing 

Will consist of a 100 hectare Tilapia fish farm for producing mercury free and organically 
grown Tilapia fish for processing into filets for local demand as well as the export fish 
market.  The estimated weight of 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 volatile solids/Day.  At a 
commodity sell price of US$2.18/lb, the daily revenue is estimated at 281 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 
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Processing Produces
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itself is regarded as ample proof of probable visible cash flow from this specific food 
product. 
 
The 389 Tons VS/Day 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 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.   194.5 
Tons CH4/Day x 1.375 = 267.44 Tons CO2/Day. 
 

and
267.4 Tons CO2/Day 

The 1.4 Tons Volatile Solids/Day from Tilapia Fish Farming Wastes can be converted into 
CH4 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.  1.4 Tons VS/Day x 2,000 lbs/Ton x 
12 cu. ft./lb VS = 33,600 cu. ft. CH4/Day.   33,600 cu. ft. CH4/Day ÷ 24 cu. ft./lb = 1,400 
lbs/Day.  When divided by 2,000 lbs/Ton = 0.70 Tons CH4/Day.  0.70 Tons CH4/Day x 1.375 = 
0.96 Tons CO2/Day.    
 

1.4 Tons VS/Day
Produces

0.7 Tons CH4/Day and
0.96 Tons CO2/Day 

From Tilapia Fish 
Farming Wastes

 

Additional Agricultural Food Production and Processing 

A 10,000 Sow Farrow-To-Finish farming operation will be provided that will produce an 
average of 30 pigs/sow/year.  The 10,000 sows therefore translate into 30 x 10,000 = 
300,000 pigs/year.  At a midterm weight of 100 lbs, each hog will generate daily wastes 
sufficient to produce 3.02891 cubic feet of methane gas/hog/day (archived data from 
Premium Standard Farms, Kansas City) through anaerobic digestion for a total daily 
production of 3.02891 x 300,000 or 908,673 cubic feet.  At 24 cubic foot/lb, the methane 
production translates into 908,673/24 = 37,861 lbs/2,000 = 18.9 Tons CH4/Day.  18.9 Tons 
CH4/Day x 1.375 = 26.0 Tons CO2/Day.   

Pigs usually reach market weight between 5 and 6 months of age at approximately 260 to 
280 pounds.  During this time, the pigs are often fed several corn-soybean meal based 
diets that change in nutrient composition to meet their needs.  Pigs weigh about 3 pounds 
at birth and stay with the sow until 21 days of age.  At this time, they are placed on a grain 
diet.  Pigs have unlimited access to feed and water at all times.  They will eat about 1 
pound of feed per day at weaning and as much as 8 pounds of feed per day as they near 
market weight.  Water intake is about 1 gallon per day up to 5 or 6 gallons per day as they 
near market weight.  Just weaned pigs (21 days of age) need to be kept at about 80 to 85 
degrees Fahrenheit and by market weight 65ºF.  Therefore, heating and cooling systems 
need to be in place throughout their entire growing period.  A total of 4 MW of electricity 
will be required for the pig farming operations. 

For market hogs the pigs will consume about 3 to 4 percent of their body weight.  A 200-
pound hog will consume about 6 to 6.5 pounds each day. 

• Nursery pigs weighing about 10 pounds consume around 0.5 pounds 
• Feeder pigs weighing about 50 pounds consume around 1 to 2 pounds 
• Grower pigs (now referred to as hogs) weighing about 100 pounds consume 

around 3 to 4 pounds 
• Finisher hogs weighing about 150 pounds consume around 4 to 5 pounds 
• Hogs more than 200 pounds consume around 6 to 7 pounds 

United States retail pork prices are currently around US$2.87/lb and on the increase.  The 
wholesale producer receives about 43% of this price or US$1.46/lb.  The above prices 
represent the average for the last 3 years.  As a commodity there is no guarantee they will 
drift up or down but will likely continue to fluctuate as they have been for the last 50 
years.  Current marketplace dressed pork yields are over 3,750 lbs/year/sow.  A 10,000 
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sow farrow-to-finish operation is estimated to produce 37,500,000 lbs of dressed pork/year 
or an average of 102,740 lbs/Day.  At US$1.46/lb the daily revenue is estimated at 
US$150,000.00.  The exported pork product will be certified as organically produced.  
Organic food is produced according to a set of principles and standards concerning such 
issues as pesticides, additives, animal welfare (medications) and sustainability.  Organic 
pork will carry a higher marketplace value than non-organically produced pork similar to 
all organically produced food products. 
 
At a finished market weight of 250 lbs, 300,000 pigs x 250 lbs = 75,000,000 lbs/year.  
75,000,000 lbs/year ÷ 2,000 lbs/Ton = 37,500 Tons/year.  37,500 Tons/year ÷ 365 days/year 
= 102.7 Tons/Day.  The processing of pork yields about 30% biowastes.  The total 
processing wastes calculate out at 102.7 Tons x 30% = 30.8 Tons VS/Day.  When 
anaerobically digested the 30.8 Tons/Day volatile solids x 2,000 = 61,600 lbs VS/Day.  
61,600 lbs VS/Day x 12 = 739,200 cu ft methane gas/Day.  At 24 cubic feet/lb, the methane 
production translates into 739,200 CFD CH4/24 = 30,800 lbs/2,000 = 15.4 Tons CH4/Day.  
15.4 Tons CH4/Day x 1.375 = 21.2 Tons CO2/Day. 
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Power Required for Project Building 

The project building will provide 15 MW of power for the community served. The project 
building will contain a large photobioreactor that will receive its lighting requirements 
from long lasting light emitting diode (LED) illumination.  The power generation required 
for the photobioreactor is 60 MW.  Additional project building equipment will require an 
additional 25 MW.  Reserve power requirements are indicated at 50 MW to enable a 75% of 
total capacity generation factor.  Total power required for the project building adds up to 
15 + 60 + 25 + 50 = 150 MW.   
 

150 MW Power
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Building

 
Total Volatile Solids Produced From 

Marketplace Municipal Solid Wastes (MSW) 
Biowastes-To-Energy Feedstocks 

 
Subtotal Total Volatile Solids Produced From All Above Sources: 
1.  From Municipal Solid Wastes: 264 Tons VS/Day
2.  From Tilapia Fish Farming and Processing: 390 Tons VS/Day
3.  From Pig Farming and Processing: 68.7 Tons VS/Day
Subtotal  becomes 264 + 390 + 68.7 =  723 Tons VS/Day 723 Tons VS/Day
 
Subtotal Methane Gas Produced From All Above Sources: 
1.  From Municipal Solid Wastes: 132 Tons CH4/Day
2.  From Tilapia Fish Farming and Processing: 195.2 Tons CH4/Day
3.  From Pig Farming and Processing: 34 Tons CH4/Day
Subtotal  becomes 132.0 + 195.0 + 34.4 =  361.2 Tons CH4/Day 361.4 Tons CH4/Day
 
Subtotal Carbon Dioxide Gas Produced From All Above Sources: 
1.  From Cement Manufacturing: 300 Tons CO2/Day
2.  From Municipal Solid Wastes (MSW): 181.5 Tons CO2/Day
3.  From Tilapia Fish Farming and Processing: 268 Tons CO2/Day
4.  From Pig Farming and Processing: 47.2 Tons CO2/Day
Subtotal becomes 300 + 181.5 + 268 + 47.2 = 796.7 Tons CO2/Day 796.7 Tons CO2/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 cu ft 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 
129,000 cu ft of CH4/Day produces 1 MW of combined cycle electricity power generation 
The equivalent of 258,000 cu ft of CH4/Day produces 1 MW of power from a coal fired plant  
1 Ton CO2/Day produces 90.91 Gallons Biodiesel/Day 
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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.  
Ongoing Spirulina microalgae production is achieved by individual cell division.  
Electricity requirements = 100 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 combustion gas output from electricity 
generation.  In addition, it will receive 100% of the output of macronutrients from the 
reverse osmosis treatment equipment 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.  
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: 
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                                                                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 also 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 + 2,880 kJ/mol 
 
Under intense lighting conditions the rate of photosynthesis is likely 20 times that of 
respiration.  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 
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.  
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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 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: 
 
A total of 150 MW of electricity will be produced for the 50,000 population community and 
the project building.  About 100 MW of electricity will be used internally for the 
photobioreactor, air liquefaction, methane gas compression, tilapia fish lighting, pig 

150 MW Total 
Electricity Generation 

Capability

1 Ton CH4 Produces 
2.75 Tons CO2 From 

Electricity Generation



production, and general building use.   
 
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.  For each ton of CH4 used for electricity generation a total of 105/16 or 6.56 tons of 
Nitrogen will be produced.     
 
If 150 MW of electricity is produced to provide energy independence within the community 
as well as the project building, a total of 150 MW x 129,000 CH4/Day/MW = 19,350,000 cubic 
feet of methane gas will have to be used each day.  At 24 cubic foot/lb, the methane usage 
translates into 19,350,000 cu ft CH4/24 = 806,250 lbs/2,000 = 403 Tons CH4/Day.  Since each 
ton of CH4 produces 2.75 Tons of CO2 the generation of 150 MW of electricity produces 
403 x 2.75 = 1,109 Tons of CO2/Day due to the generation of electricity.  Since each ton of 
CH4 produces 2.25 Tons of H2O, the generation of 150 MW of electricity also produces 403 
x 2.25 = 907 Tons of H2O/Day.  Since each ton of CH4 also produces 6.56 Tons of N2 due to 
the generation of electricity, 403 Tons CH4 x 6.56 = 2,645 Tons N2/Day. 
 
Source No. 2:  Two-Phase Anaerobic Digestion: 
 
From above 796.7 Tons CO2/Day subtotal from all above sources, add 1,109 Tons CO2/Day 
from electricity generation = 1,906 Tons CO2/Day. 

From above, each ton of CO2 produces 0.727 Tons O2/Day through photosynthesis and 
0.682 Tons of Spirulina microalgae, therefore 1,906 Tons CO2/Day produces 1,906 x 0.727 
= 1,385 Tons O2/Day as well as 1,906 x 0.682 = 1,300 Tons Spirulina microalgae/Day.    
 
Since one ton CO2/Day produces 0.04 tons biodiesel/day, 1,906 Tons CO2/Day produces 
1,906 x 0.04 tons = 76 tons biodiesel/Day.  At a specific gravity of 0.88 this is equivalent to 
76 tons x 2,000 lbs/ton divided by 0.88 specific gravity = 173,273 gallons/day.   
 
Since each gallon of biodiesel produced generates 21.12 lbs of volatile solids, 173,273 
gallons x 21.12 = 3,659,520 lbs. Volatile Solids/Day.  3,659,520 lbs Volatile Solids/Day ÷ 
2,000 lbs/Ton = 1,830 Tons Volatile Solids/Day. The 1,830 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 1,830 Tons VS/Day x 2,000 lbs/Ton x 12 = 43,914,240 cu. ft. CH4/Day.  
43,914,240 cu. ft. ÷ 24 cu ft/lb = 1,829,760 lbs CH4/Day.  1,829,760 lbs CH4/Day ÷ 2,000 
lbs/Ton = 915 Tons CH4/Day.  1,829,760 lbs CH4/Day x 1.375 = 2,515,920 lbs CO2/Day.  
2,515,920 lbs CO2/Day ÷ 2,000 lbs/Ton = 1,258 Tons CO2/Day.  
 
Since one ton CO2/Day produces 0.727 Tons O2/Day through photosynthesis, 1,258 Tons 
CO2/Day produces 1,258 x 0.727 = 915 tons O2/Day thus increasing O2 production from 
1,385 Tons/Day to 2,300 Tons/Day.   
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Since one ton CO2/Day produces 0.04 tons biodiesel/day, 1,258 Tons CO2/Day produces 
1,258 x 0.04 tons = 50 tons biodiesel/Day.  At a specific gravity of 0.88 this is equivalent to 
50 tons x 2,000 lbs/ton divided by 0.88 specific gravity = 114,360 gallons biodiesel/day 
thus increasing biodiesel production from 173,273 GPD to 287,633 GPD.   
 
Since one ton CO2/Day produces 0.96 tons volatile solids/day, 1,258 Tons volatile 
solids/Day produces 1,258 x 0.96 tons = 1,208 tons volatile solids/Day.  1,208 tons volatile 
solids/Day x 2000 lbs/Ton x 12 = 28,984,320 cu ft CH4/24 = 1,207,680 lbs/2000 = 604 Tons 
CH4/Day.       
 
 
Since the basic waste-to-energy process fully satisfies electricity demand the excess 
methane gas will be beneficially used for: 
 

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 renewable natural gas biofuel to the marketplace.    
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Pig and Tilapia Fish Feed Requirements 

 
The 10,000 sow operation will produce 102.7 Tons/Day of finished hogs.  It takes about 1.2 
lbs of feed to increase a pig’s weight by 1.0 pound.  The 102.7 Tons of finished hogs will 
require 102.7 x 1.2 or 123 Tons of feed per Day. The production of tilapia fish is 335 
Tons/Day.  It takes about 1.2 lbs of feed to increase the fish weight by 1.0 pound.  The 335 
Tons of finished fish will require 335 x 1.2 or 402 Tons of feed per Day.  Combined feed 
requirements are 123 + 402 = 525 Tons feed/Day.  Spirulina microalgae production at 1,300 
Tons feed/Day will entirely satisfy pig and tilapia fish feeding requirements.   
 
 
  

OAT Process Power Generation Potential 
 

 361.4 + 1,519 = 1,880 Tons CH4/Day available.  1,880 Tons CH4/Day x 2,000 lbs/Ton 
= 3,760,800 lbs/Day.  3,760,800 lbs/Day x 24 cu ft/lb = 90,259,200 cu ft/Day.  
90,259,200 cu ft/Day ÷ 129,000 cu ft/MW = 700 MW power potential.  700 MW less 
15% parasitic digester plant use = 595 MW Net renewable energy potential 
available.  595 MW minus dedicated 150 MW for project building = 445 MW 
available.  445 MW x 129,000 cu ft/Day = 57,405,000 cu ft methane gas 
available/Day.  One half or 28,702,500 cu ft of the excess methane will be 
converted into liquefied natural gas (LNG) and the other half will be converted into 
methanol. 
 
28,702,500 cu ft CH4/Day ÷ 24 cu ft/lb = 1,195,938 lbs/Day.  1,195,938 lbs/Day ÷ 3.84 
lbs LNG/Gallon = 311,442 Gallons LNG/Day. 
 
28,702,500 cu ft CH4/Day ÷ 24 cu ft/lb = 1,195,938 lbs/Day.  1,195,938 lbs/Day ÷ 6.60 
lbs Methanol/Gallon = 181,203 Gallons Methanol/Day. 
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Total Volatile Solids Production 

 
 Each gallon of produced biodiesel generates 21.12 pounds of volatile solids.  

287,633 GPD of produced biodiesel x 21.12 = 6,074,809 lb VS/Day or when divided 
by 2,000 lbs/Ton = 3,037 Tons VS/Day.  Above subtotal of 723 Tons VS/Day + 3,037 
Tons VS/Day = 3,760 Tons VS/Day. 



         
 Two-Phase Anaerobic Digester Size Calculations:  
  Volatile Solids = 3,760 Tons/Day x 2,000 lbs/Ton = 7,520,809 lbs/Day  
  VS:COD = 1:2, COD = 15,041,618 lbs COD/Day  
  Organic Loading lbs COD/Day/Cubic Foot = 6  
  Digester Size = 15,041,618/6 = 2,506,936 Cubic Feet  
  Digester Size In Gallons = 2,506,936 x 7.481 = 18,754,391 Gallons  
  Safety Factor = 1.5  
  Digester Size = 18,754,391 x 1.5 = 28,131,585 Gallons (450’ x 450’ x 

20’H) 
 

  Estimated Constructed Cost At US$11.18/Gallon = US$314,511,120 
   
Schedule of Project Construction Costs:  
 Anaerobic Digester Feed Tank:  US$3,000,000 US$3,000,000
 105 MGY Biodiesel Manufacturing Equipment:  US$28,000,000 US$28,000,000
 Biodiesel Storage Tank with 90 Day 25 million gallon storage capacity measuring 

500’ x 500’ x 20’H at US$0.50/Gal constructed cost:  US$12,500,000 US$12,500,000
 Building Size:  2.0 km x 2.0 km x 3 Stories with 132,000,000 sq. ft. @ US$7.00 = 

US$924,000,000 US$924,000,000
 Cement Kiln Constructed Cost:  US$12,000,000   US$12,000,000
 Concrete Ready Mix Plant Constructed Cost = US$3,000,000 US$3,000,000
 EAF Steel Recycling Process Equipment Constructed Cost:  US$50,000,000 US$50,000,000
 LED Lighting Purchase Cost:  US$60,000,000 US$60,000,000
 Liquefied Natural Gas (LNG) Storage Tank with 137,772 GPD =  90 Day 13 million 

gallon storage capacity measuring 300’ x 300’ x 20’H at US$0.50/Gal constructed 
cost:  US$5,000,000 US$5,000,000

 Liquefied Nitrogen Air Separation Equipment:  US$300,000,000   US$300,000,000  
 Liquefied Nitrogen Delivery Equipment:  US$500,000 US$500,000
 Methanol Storage Tank with 181,203 GPD = 90 Day 16 million gallon storage 

capacity measuring 350’ x 350’ x 20’H at US$0.50/Gal constructed cost:  
US$8,000,000 

US$8,000,000

 Liquefied Nitrogen (LNG) Storage Tank with 90 Day 462 million gallon storage 
capacity measuring 1,800’ x 1,800’ x 20’H at US$0.50/Gal constructed cost:  
US$240,000,000 US$240,000,000

 Liquefied Oxygen Storage Tank with 90 Day 43 million gallon storage capacity 
measuring 600’ x 600’ x 20’H at US$0.50/Gal constructed cost:  US$21,500,000 US$21,500,000

 Methane Compression Equipment sized at 50 million CFD:  US$50,000,000 US$50,000,000
 Photobioreactor:  US$100,000,000 US$100,000,000
 Potable Water Storage Tank with 90 Day 50 million gallon storage capacity 

measuring 600’ x 600’ x 20’H at US$0.50 Constructed Cost:  US$25,000,000 US$25,000,000
 Combined Cycle Power Generation Equipment sized at 150 MW:  US$1,500,000/MW 

x 150 MW =  US$225,000,000 US$225,000,000
 Reverse Osmosis Equipment:  US$6,000,000 US$6,000,000
 Sow Procurement Costs:  US$5,000,000 

Electricity Requirements = 2.0 MW 
 

US$5,000,000
 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 US$500,000

 Two-Phase Anaerobic Digester:  US$314,511,120 US$314,511,120
 Subtotal Project Construction Costs:  US$2,393,511,120 US$2,393,511,120 
 Add 15% Contingencies  @ US$350,026,668 US$350,026,668
 Total Project Construction Costs:  US$2,743,537,788 US$2,743,537,788



     
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:  40 MW x 24 = 960 MWh/Day @ US$45.00/MWh = 

US$43,200/Day.  This amount of electricity generation will provide the 
average demand load of the community for the next 20 years.   

 

US$43,200/Day
 From Biodiesel:  287,633 GPD always priced at 80% of existing marketplace 

retail.  Current retail is US$2.50/gallon and increasing.  US$2.50 x 80% = 
US$2.00.  287,633 x US$2.00 = US$508,000/Day. 

 

US$575,266/Day
 From Methanol:  181,203 GPD always priced at 80% of existing marketplace 

retail.  Current retail is US$4.00/gallon and increasing.  US$4.00 x 80% = 
US$3.20.  181,203 x US$3.20 = US$579,850/Day. US$579,850/Day

 From Liquefied Nitrogen (LN2)(LIN):  2,645 Tons/Day = 5,131,300 GPD 
priced at US$0.50/gallon = US$2,565,650/Day. US$2,565,650/Day

 From Liquefied Oxygen:  2,300 Tons/Day = 2,300 Tons x US$225/Ton = 
US$517,500/Day. US$517,500/Day

 From  300’ x 300’ x 20’ high LNG Storage Tank producing 137,772 
Gallons/Day or x 208.33 cu ft/Gal = 28,702, 500 cu ft of  Compressed 
Renewable Natural Gas Fuel priced at US$4.80/1000 cubic feet/Day = 
28,702,500 ÷ 1000 x US$4.80 = US$137,772/Day.   US$137,772/Day

 From Processed Pork Exports:  Retail pork prices are currently around 
US$2.87/lb.  The wholesale producer receives about 43% of this price or 
US$1.46/lb.  The above prices represent the average for the last 3 years.  As 
a commodity there is no guarantee they will drift up or down but will likely 
continue to fluctuate as they have been for the last 50 years.  Current 
marketplace dressed pork yields are over 2,750 lbs/year/sow.  A 10,000 sow 
farrow-to-finish operation is estimated to produce 27,500,000 lbs of dressed 
pork/year or an average of 75,342 lbs/Day.  At US$1.46/lb the daily revenue 
is estimated at US$150,000.00. 

 
 
 
 
 

US$150,000/Day
 From Fresh Tilapia Filet Exports:  US$613,452 at a sell price of US$2.18/lb US$1,225,160/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 100 MW Project 

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

Reduction.  1,620 MW Project Power Production x 24 hour/Day = 
38,880 MWh/Day.  38,880 MWh/Day x 1,100 lbs CO2 Reduction 
(using natural gas)/MWh ÷ 2,000 lbs/Ton = 21,384 Tons CO2/Day x 
365 = 7,805,160 Tons CO2/Year x 2,000/2,204 = 7,082,722 
Tonnes/Year @ US$20 (range of US$20-US$40) = US$141, 654,446 
/Year ÷ 365 = US$388,094/Day for years 2008-2012 delivery. US$35,935/Day

Total Project Revenue Streams: US$41,035,808/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.  Total Land Requirements:  Estimate 2,500 hectare 
 
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 of lighting) 
     15.5 hours of daylight (max 10 ft-candles) 
     0.5 hours of sunset (begins at 10 p.m. w/3 ft-candles of lighting) 
 








