


and seasonal jobs turn into full time better paying jobs.  Widespread use of the technology carries 
with it the potential for contributing substantially to the reversing of global warming. 
 
WaterSmart Environmental, Inc.  is a provider of waste-to-energy, food independence, water inde-
pendence, and energy independence technologies and a manufacturer of highly engineered water puri-
fication components and systems.  The company designs and builds a wide variety of water treatment 
equipment including packaged water and wastewater treatment plants, UltraPaqTM aerobic package 
plants, OATTM Process anaerobic digesters with associated energy production, aerators, filters, Pur-
iSepTM and SmartWaterTM oil/water and solids/liquids separators, RainDrainTM perimeter trench sand 
filters for stormwater runoff, dissolved air flotation separators, air strippers, complete skid assembled 
aqueous waste treatment plants, FilterFreshTM skid mounted potable water production plants, skid 
mounted wastewater treatment systems for laundromats, commercial laundries, and car/truck wash fa-
cilities with water reclamation and reuse, softeners, demineralizers, activated carbon treatment equip-
ment, and water purifiers for domestic and international markets. 
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September 26, 2007 
 
Subject:  Kyoto Protocol Compliant BioWastes-To-Renewable Energy, Food, 
      Biofuels, and Water Independence Project Description 
 
Technology Provider:  WaterSmart Environmental, Inc. 
 
Project Developer:  WaterSmart Environmental, Inc. 
 
Dear Investor: 
 
Delta County, Texas has decided to become the very first United States County to 
achieve Biowastes-To-Renewable Energy, Food, Biofuels, and Water Independence.  
As a direct of the technology citizens and businesses will benefit from reduced costs of 
energy, food, fuels, natural gas, water, and municipal solid wastes disposal.  The 
technology fully complies with Kyoto Protocol and consequently helps combat climate 
change.  Widespread use of the technology throughout the world carries with it the 
ability to reverse global warming due to its consumptive depletion of carbon dioxide 
gas.  Delta County will also become the first United States County to achieve a zero 
carbon footprint while becoming a zero wastes-to-landfill community. 
 
The renewable energy technologies include agricultural farming and processing, the 
generation and distribution of electricity, the production and distribution of renewable 
natural gas, the production and distribution of potable water, the treatment of sanitary 
wastewaters, and the total management of solid wastes all of which in full accord with 
Kyoto Protocol. 
 
The exportable crops produced by the technology consist of tilapia fish, pork.  Liquefied 
Nitrogen will be exported to the chemical processing industries.  The domestic products 
produced consist of electricity, water, and the biofuels of biodiesel and compressed 
natural gas (CNG).  The tilapia and pork will be produced 100% organic.  The tilapia 
fish will also be certified as mercury free.   
 
The water produced will be of reverse osmosis (RO) quality associated with bottled 
water.  It will be distributed free of charge to end users.  The waste-to-energy 
technology will be treating sanitary wastewaters at no charge.  The waste-to-energy 
technology will be accepting municipal solid wastes (MSW) and other wastes at no cost 
to the waste generator.  The waste to energy technology will be producing and retail 
selling electricity at the discounted price of US$0.045/kWh.  Revenues from the 
distribution of potable water, the treatment of sanitary wastes, and the acceptance of 
MSW are not necessary as the technology’s IRR without these revenue sources 
remains in excess of fifty percent.  A full fifty percent of the annual profits produced by 
the technology will be donated to the communities served. 
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The project will be implemented in two phases.  The first phase consists of the 
construction of a single project building that measures 1 km x 1 km x 3 story high 
building constructed with precast concrete panels.  The precast concrete panels will be 
manufactured using recycled inorganic materials from municipal solid wastes.  The 
building will engage pig farming, tilapia fish production, and biofuels production.  The 
biofuels consist of renewable natural gas and biodiesel.  Most of the processed pork 
and tilapia fish will be sold to export commodity markets.  Spirulina microalgae farming 
will also be accomplished with some of the microalgae converted into biodiesel biofuel 
and the balance used a fish and pig feed.  All of the wastes associated municipal solid 
waste management and the treatment of food production and processing wastes will be 
accomplished through anaerobic digestion to produce methane and carbon dioxide 
gases.  Some of the methane will be converted into electricity with the balance sold as 
CNG biofuels. 
 
The project building will employ about 1,500 full time workers in a variety of unskilled, 
skilled, and managerial jobs.  The first jobs will be associated with construction and as 
building construction is nearing completion the jobs will be replaced with agricultural 
based jobs utilizing the same employees.     
 
The second phase of the project will consist of adding stories to the existing building.  
The added stories will engage in the agricultural activities consisting bananas, beef 
cattle, black bass, cassava, coffee, cotton, corn, lobster, prawns, rice, sugar cane with 
white sugar refining, shrimp, sweet potatoes, and trout.  The second phase will also 
include the construction of concrete freeways (not tollways) that will connect all of Delta 
County’s minor communities.  The freeways will also include a light rail transit system 
common to the major cities of the world.  The second phase of the project will be 
internally funded from the first phase revenues.  Estimated time to complete the entire 
makeover of Delta County’s economy is estimated at only 3 years.   
 
As the second phase becomes reality existing outdoor agricultural activities will 
gradually occur indoors where much greater productivity can be achieved while 
accomplishing total waste treatment.  During the second phase the light rail transit 
system will gradually become operable for the entire Delta County.  This system will be 
implemented and donated to the public thereby enabling free transportation for 
everyone throughout the entire area served.   
 
The sharing of profits with the communities will enable each to implement community 
projects that have heretofor been postponed due to lack of funding.  The inexpensive 
electricity will be highly appreciated by those interested in starting or further 
development of their business interests.  Inexpensive electricity always supports 
industrial development.  The free processing of sanitary wastewaters and municipal 
solid wastes also helps industrial development.   
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The technology is expected to quickly migrate to other United States Counties—
particularly those counties adjacent to Delta County.  With Warm Regards I am         
 
Very truly yours, 
 
WaterSmart Environmental, Inc. 
 

 
 
C. G. (Chuck) Steiner 
President and CEO 
 
CGS/mns  
 
enclosures 
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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). 
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The Bulletin on Energy Efficiency, (December, 2004). 
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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-
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Patents 

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

Certifications 

40 Hour OSHA Course, 1990-1997 

Memberships 

American Council On Renewable Energy 

American Institute of Chemist (Professional Chemist - Accredited)  

American Meat Institute 

American Society for Testing and Materials 

 American Water Works Association 

Global Village Energy Partnership 

Incinerator Institute of America, Member T-6 Testing Committee 

National Air Pollution Control Association 

National Canners Association 

USEPA Combined Heat and Power (CHP) Partnership 

Wastewater Equipment Manufacturers Association 

Water Environment Federation 

Experience Summary 

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

Employment History 

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

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

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

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

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

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

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

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

R&D Chemist for 3M Company, a diversified manufacturer. 
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Reversing Global Warming Through A Worldwide Waste­To­Energy 
Policy While Achieving Energy, Food, Fuels, And Water 

Independence By Utilizing Already Existing And Individually 
Profitable Holistic Component Technologies 

From popular mythology,  the ostrich  is quite  famous for hiding  its head  in the sand at 
the first sign of danger.  In a New York Times story covering the jury instructions in the 
recent Enron case,  the  trial  judge specifically permitted  the  jurors  to  find Messrs. Lay 
and  Skilling  guilty  of  “deliberate  ignorance”.    In  legal  circles  deliberate  ignorance  is 
called the “ostrich defense”. 

In  its  inaugural  1990  annual  report  on  the  “Inventory  of  U.S.  Greenhouse  Gas 
Emissions  and  Sinks”  the  United  States  Environmental  Protection  Agency  (USEPA) 
listed  but  a  few  of  the  perceived  principal  sources  of  carbon  dioxide  and  methane 
gases.    Through  perhaps  deliberate  ignorance  the  USEPA  did  not  include  carbon 
dioxide emissions  from some 15,000 wastewater  treatment plants.    In  its most  recent 
1990­2004 450 page annual report (EPA 430­R­06­002, April 15, 2006), there are over 
40 sources of greenhouse gas emissions  listed  including wastewater  treatment plants 
and  even  animal  farts  (scientific  term  =  enteric  fermentation).    The  implication  that 
global warming (climate change) is entirely caused by greenhouse gases represents an 
ostrich  defense  by  past  and  present  administrations  to  protect  the  current  energy 
policy that includes both coal fired and nuclear power plants. 

Combined heat and power (CHP), also known as cogeneration, is an efficient, clean, 
and  reliable  approach  to  generating  power  and  thermal  energy  from  a  single  fuel 
source.  CHP is not a specific technology but an application of technologies to meet an 
energy user's needs.  CHP systems achieve typical effective electric efficiencies of 50% 
to 70% — a dramatic  improvement  over  the average efficiency  of  separate  heat  and 
power.    Since CHP  is  highly  efficient,  it  reduces  traditional  air  pollutants  and  carbon 
dioxide, the leading greenhouse gas associated with climate change, as well.  As seen 
below, the CHP system can produce the same electrical and thermal output at 75% fuel 
conversion efficiency as compared to 49% for separate heat and power.  This is a 50% 
gain  in  overall  efficiency,  resulting  in  a  35%  fuel  savings.  Whenever and wherever 
higher efficiency is achieved lesser global warming is always realized. 

Fueled  by  electric  industry  regulation,  environmental  concerns,  unease  over  energy 
security,  and  a  host  of  other  factors,  interest  in CHP  technologies  has been growing 
among energy  customers,  regulators,  legislators,  and  developers.   CHP  is  a  specific



form of distributed generation (DG), which refers to  the strategic placement of electric 
power  generating  units  at  or  near  customer  facilities  to  supply  on­site  energy  needs. 
CHP enhances the advantages of DG by the simultaneous production of useful thermal 
and power output thereby increasing the overall efficiency.  Whenever overall efficiency 
is  improved  in  the marketplace  there  is  always a  reduced  impact  on  global warming. 
Through its CHP Partnership program, the USEPA claims that CHP technology can be 
applied  at  both  central  (i.e.  coal  fired  and  nuclear  power  plants)  and  DG  generation 
applications.  Many DG applications have already been implemented in the marketplace 
but  conversion  of  coal  fired  and  nuclear  power  plants  to  cogeneration  has  yet  to  be 
realized.    The  associated  high  cost  of  electricity  production  at  CHP  coal  fired  power 
plants  has  been  estimated  by  the  USEPA  at  $1,400/kW,  some  $400  higher  than 
conventional coal fired power plants.  Converting nuclear power plants to CHP has yet 
to be considered in the marketplace.  Because of high costs and other factors there is 
little  likelihood  that either coal  fired or nuclear power plants will be converted  to more 
efficient CHP technology notwithstanding its quite favorable impact on climate change. 
Consequently  these  central  generation  plants  will  continue  to  increase  global 
warming for many years to come due to the existing US energy policy. 

For starters, the seemingly innocuous Polar Bear Club contributes to global warming, 
perhaps only minimally, but in two distinct ways to disclose the science: 

1.  By  releasing  Btus  to  the  environment  during  their  annual  outdoor  outing  to  be 
sure,  but  including  all  their  outdoor  outings  throughout  the  entire  year whether 
wearing clothes or not, and 

2.  By  exhaling  more  carbon  dioxide  than  the  amount  inhaled  through  normal 
breathing. 

In fact, all humans and animals contribute to global warming by exhaling excess 
carbon  dioxide  (font  and  rear  end)  and  methane  gases  (rear  end)  while  also 
releasing Btus to the environment. 

The somewhat plentiful coal fired and nuclear power plants contribute significantly 
to global warming in the following ways: 

1.  Coal fired power plants release carbon dioxide gas (CO2), NOx gases, and SOx 
gases from their discharge chimneys, and Btus from their cooling towers. 

2.  Nuclear  power  plants  do  not  release  any  significant  gases  but  do  release 
massive amounts of Btus to the environment from their large cooling towers. 

Btu  discharges  from  humans,  animals,  coal  fired  power  plants,  and  nuclear  power 
plants  are  not  accounted  for  in  the EPA  reports  because gases only  are  listed.    The 
release of Btus by humans, animals, and power plants has not been quantified by any 
organization  but  can  be  scientifically  estimated  quite  easily  by  making  a  few 
conservative  heat  loss  assumptions.    Heated  buildings  also  release  Btus  to  the 
environment as do holding tanks, elevated pipelines, and a myriad of other structures, 
none  of  which  have  yet  been  quantified.    The  total  quantity  of  Btus  released  to  the 
environment  represents  a  quantity  that  ought  not  be  ignored  in  searching  for  a 
comprehensive climate change solution.  This would be a good task for the USEPA to 
quantify  should  it  ever  be  asked  to  change  from  a  United  States  Energy  Policy 
Protector  Agency  (USEPPA)  to  that  of  an  actual  United  States  Environmental 
Protection Agency (USEPA).  One only needs to know that there still remain several 
thousands of acid mine discharges from coal mining activities that have been allowed to



continue  their discharges over  the  last 50 years without a single stream undergoing 
effective treatment.  Repeat, not a single stream.  The USEPPA (aka USEPA) would 
be  happy  to  correct  this  assertion  if  incorrect.    According  to  the  United  States 
Geological Survey (USGS), the U.S. Environmental Protection Agency has singled out 
acid mine drainage as the number one water­quality problem in Appalachia.  Estimates 
place cleanup costs  in Pennsylvania alone at around $5 billion.   For the  last 50 years 
mercury,  sulfur  dioxide,  nitrous  oxide,  and  carbon  dioxide  emissions  have  been 
permitted  at  all  of  our  nation’s  hundreds  of  coal  fired  power  plants  without  a  single 
power generation facility having been shut down.  Not a single one.   It  is obvious  that 
the United States Energy Policy Protector Agency (USEPPA) (aka USEPA) is doing 
an excellent  job.  Gaseous emissions to  the environment  from coal fired power plants 
are  now  being  closely  monitored.  Btu  releases  to  the  atmosphere  directly 
contribute to global warming but heretofore have not yet been considered in the 
climate change landscape equation. 

The  Bush  Administration  defends  its  unrestricted  CO2  gaseous  emissions  policy  as 
helpful  to increased crop production.   This assertion is scientifically correct and works 
each and every  time  there  is sufficient  rain during  the crop growing season.    In other 
words, not a sustainable policy.  CO2 gaseous emissions not utilized by crops due to an 
ever increasing insufficiency (due to climate change) of timely rainfall (called droughts)



automatically  accumulate  in  the  atmosphere  to  further  increase  global  warming. 
Increased  irrigation  practices  cannot  make  up  for  insufficient  rainfall  as  the  supply 
aquifers  are  drying  up  due  to  excessive  long  term  withdrawals  witness  the  rapidly 
depleting  Ogallala  Aquifer  (aka  High  Plains  Aquifer)  located  beneath  the  eight 
Midwestern  states  of  Colorado,  Kansas,  Nebraska,  New  Mexico,  Oklahoma,  South 
Dakota,  and  Texas.    Recently,  and  rightfully  so,  CO2  gaseous  emissions  from  cars, 
trucks, trains, barges, and ocean going ships have come under global warming scrutiny. 
The problems keep on coming.   Enough mention of  these several and growing global 
warming/climate  change  problems.    Many  United  States  senators,  congressmen, 
individual state governors, and individual city mayors (most notably the Honorable Greg 
Nickels  of  Seattle,  Washington)  have  jumped  ship  from  the  Bush  administration  in 
support of a more effective energy policy.  Virtually all of the remainder of the nations of 
the world already support the concept of a more effective climate change policy and are 
looking  towards  the United States  for guidance and direct participation, both of which 
have been and continue to be sadly lacking.  Combating global warming also has trans­ 
Atlantic  appeal  as  Britain  and  California  are  preparing  to  sidestep  the  Bush 
administration  and  fight  global  warming  together  by  creating  a  joint  market  for 
greenhouse  gases.    British  Prime  Minister  Tony  Blair  and  California  Gov.  Arnold 
Schwarzenegger  now  plan  to  lay  the  groundwork  for  a  new  trans­Atlantic  market  in 
carbon dioxide emissions.   Such a move could help California cut carbon dioxide and 
other heat­trapping gases scientists blame for warming the planet. President Bush has 
rejected the idea of ordering such cuts. 

The  administration’s  very  simple  energy  policy  consists  of  the  continuation  supply  of 
inexpensive  electricity  and  transportation  fuels  both  of  which  enable  continued 
expansion of the gross domestic product (GPD) and associated tax revenues.  Coal  is 
the  highly  favored  energy  source  for  electricity  generation  because  of  its  abundant 
supply and low cost.  Nuclear power is also highly thought of but continuing inability to 
manage nuclear wastes  retards  further development of  this  industry.   For many years 
the energy policy has achieved its objective as indicated in the following chart: 

In 2002 the policy began to fail due to the combined forces of higher crude oil prices 
coupled with the disappearance of domestic supplies of inexpensive natural gas.  Since 
2002 coal prices have increased substantially and climate change considerations have



risen dramatically.  The energy policy that has worked very well since 1970 is now 
dead.  Although the US still has significant deposits of natural gas, it is far more 
expensive to extract than the natural gas extracted to date.  In other words, all the 
cheap gas is now gone.  Natural gas comes from: 

Most (84 percent) of the natural gas consumed in the United States is produced 
in the U.S.  Canada provides much of the rest (13 percent), with 3 percent 
imported as liquefied natural gas (LNG). 
Production from the lower­48 states will remain the largest component of U.S. 
natural gas supply, but producers will be challenged to keep production between 
18 and 19 quadrillion Btus per year.  Canadian exports are expected to fall from 
3.3 quads annually to 2.3 quads by 2020. 
In Alaska, huge quantities of natural gas found in the North Slope region are only 
the tip of the iceberg in terms of the state’s total natural gas resources, but these 
supplies will remain stranded there until an Alaskan natural gas pipeline is built. 
Imports of LNG will continue to rise – growing from 3 percent of U.S. natural gas 
supply in 2003 to 22 percent in 2020.best energy value. 

Since 1999, residential natural gas prices in the United States have exhibited an overall 
increasing trend.  The 2004 national average residential price of $10.74 per 1000 cubic 
feet (Mcf) exceeded the 1999 average price by more than $4/Mcf.  The price of natural 
gas will  continue  to  increase  because of  the  reliable marketplace  laws of  supply  and 
demand.   The price of coal historically  follows  in  lock step with other energy sources. 
Since 1999  its price has also  increased proportional  to  the corresponding  increase  in 
natural gas prices.   The administration plans  to  import significant liquefied natural gas 
(LNG) from Asia to help the natural gas supply situation in the United States.  Additional 
LNG terminals are now being built as we speak.  Inexpensive natural gas disappeared 
about 5 years ago.   At  that  time 100% of anhydrous ammonia  fertilizer was produced 
within  the United  States.    In  2005,  imports  from Asia  accounted  for  over  85% of  the 
anhydrous ammonia during which time continuing price increases of the fertilizer have 
occurred  in  the  agricultural  marketplace.  Higher  prices  of  natural  gas  caused  the 
disappearance  Farmland  Industries,  the  largest  cooperative  in  the world,  because  of 
their total reliance on inexpensive natural gas in their business model.  Because of the 
limited worldwide supply  of  crude oil  its cost will  continue  to  increase because of  the 
ever reliable  laws of supply and demand.   Perhaps our Asian  friends won’t notice  the 
laws of supply and demand…duh. 

There are a multiplicity of other factors that, when considered together, can do nothing 
to  change  the  existing  trend  of  increasing  energy  and  fuel  costs.    In  addition,  our 
national  electrical  grid  system  (total  of  4  grids)  has  already  reached  its  practical 
capacity  much  like  an  intra­city  freeway  during  rush  hour.    This  year’s  record  hot 
weather  stressed  the  grid  to  its  maximum  because  of  the  increased  consumption  of 
electricity for air conditioning. 

Notwithstanding  the  sit­on­your­hands  approach  by  the  United  States  Government, 
effective climate change can still be achieved by  implementing a recently developed 
worldwide waste­to­energy policy.  Here come the several step solutions.  Hold on to 
your hat, tie your shoes, and take a deep breath. 

One  of  the  required  component  technologies  is  waste­to­energy.    Since  there  are 
several such technologies let’s find the right one.  For the last 25 years municipal solid 
waste­to­energy plants have been built and operated in the United States, Japan, and



Europe.  These plants incinerate municipal solid waste (MSW) to produce steam.  The 
steam,  in  turn,  is  used  to  spin  a  steam  turbine  in  the  generation  of  electricity.    The 
MSW­to­energy plant operator makes a profit on: 

1.  The MSW tipping fee, 
2.  The sales of ferrous and non­ferrous metals, and 
3.  The sales of electricity to the grid. 

About 5 years ago the worldwide number of these plants began declining for a number 
of reasons including: 

1.  Substantially lesser profit from sales of electricity to the grid, 
2.  Only slightly increased revenue from MSW tipping fees, and 
3.  Only slightly increased revenue from the sales of ferrous and non­ferrous metals, 

and 
4.  Greatly  increased  costs  related  to  the  required  installation of emissions  control 

equipment. 

As a result, there has been about a 15% reduction in the number of these incineration 
plants worldwide.  The two principal reasons for the diminished profitability of MSW­to­ 
energy plants are: 

1.  The reduced price paid by the grid for the electricity generated, 
2.  The Department of Energy (DOE) would not qualify this technology in the United 

States  as  “biomass  renewable  energy”  thereby  eliminating  the  associated 
government subsidies, 

3.  The ever continuing increased cost of gaseous emission control equipment, and 
4.  The ever present high moisture content of MSW that automatically reduces  the 

electricity output potential. 

The marketplace future of this technology appears to be all downhill.   Over the last 10 
years the grid has gradually concluded it isn’t in its best long term financial interests to 
pay  premium  prices  for  MSW­to­energy  produced  electricity  thus  departing  from  its 
former  willingness  to  do  so.    In  the  background  the  electrical  generation/distribution 
industries are trying to cope with the deregulation of the entire market.  Beginning in the 
late 1990s, corruption has been commonplace of the likes of Enron to include hundreds 
of other energy players.  As  the non­regulated energy  industry emerges  from its  legal 
troubles  it  will  likely  be  unwilling  to  pay  a  premium  for  energy  from MSW­to­energy 
generation facilities. 

There  is another MSW­to­energy technology  that uses anaerobic digestion technology 
to produce methane gas.   The methane gas,  in  turn,  is used as a primary  fuel  in  the 
generation of electricity using either internal combustion engines or gas turbines. 

Waste Management, Inc. is the world’s largest waste management services provider. 
It  is the leading provider of comprehensive waste and environmental services in North 
America.    The  company  is  strongly  committed  to  a  foundation  of  financial  strength, 
operating  excellence  and  professionalism.   Waste Management  tailors  its  services  to 
meet  the needs of each customer group and  to ensure consistent, superior service at 
the  local  level.  Headquartered  in  Houston,  the  company's  network  of  operations 
includes  413  collection  operations,  370  transfer  stations,  283  active  landfill  disposal 
sites,  17  waste­to­energy  plants,  131  recycling  plants,  95  beneficial­use  landfill  gas 
projects  and  6  independent  power  production  plants.  These  assets  enable  Waste



Management  to  offer  a  full  range  of  environmental  services  to  nearly  21  million 
residential, industrial, municipal and commercial customers.  The company is engaged 
in  a  Cooperative  Research  and  Development  Agreement  (CRADA),  a  joint  research 
effort  with  the  EPA  to  determine which  practices  best  promote  the  safe  operation  of 
large­scale  bioreactor  landfills.  Through  our  Maplewood  and  King  George  County 
Landfills, we are also participating in  the EPA's Project XL, an initiative  that uses pilot 
projects  for  achieving  superior  environmental  performance  from  Bioreactor  Landfill 
Technology.   The company’s goal  is  to make Waste Management's many landfill gas­ 
to­energy  programs  even  more  efficient  while  making  landfills  last  longer.    Waste 
Management  owns  traditional  MSW­to­energy  incineration  plants  and  much  newer 
landfill  gas­to­energy  plants.  Landfills  produce  methane  gas  due  to  the  anaerobic 
digestion  of  MSW.    Anaerobic  digestion  is  deemed  more  effective  than  incineration 
because it  is a wet rather than a dry process.  The inherent moisture content of MSW 
therefore  increases methane gas production and  its corresponding ability  to  generate 
electricity.    Both  active  and  retired  landfills  can  produce  electricity  using  anaerobic 
digestion notwithstanding  the  fact  that  landfills  are  regarded by process engineers as 
quite inefficient anaerobic digesters. 

Traditional digesters used throughout the world are therefore quite capable of digesting 
municipal solid wastes in the same manner as landfills witness the continuing success 
of Waste Management, Inc. 

Traditional  digesters  are  single  compartment  (one  phase)  process  vessels  that  are 
frequently  called  conventional  high  rate  (CHR)  anaerobic  digesters.    They  normally 
operate  at  the mesophilic  temperature  of  37ºC  (98.6  ºF).  In  the  last  10  years more 
efficient digesters are being manufactured that operate at the thermophilic temperature 
of  60ºC  (140ºF).    During  this  same  time  frame  there  has  been  another  anaerobic 
digester  marketplace  trend,  namely  the  gradual  switch  from  single  phase  digestion 
(CHR digesters) to two­phase digestion.  CHR digesters operate at a single pH around 
7.0  and  a  single  oxidation  reduction  potential  (ORP)  whereas  two  phase  digesters 
operate at  two distinct  pH  ranges,  the  first phase being acidic and  the second phase 
being  basic.   The  acidic  phase operates  at a  positive ORP whereas  the basic phase 
operates  at  a  negative  ORP.    In  every  CHR  digester  there  are  two  simultaneous 
microbial digestion reactions that produce gas.  One reaction produces carbon dioxide 
gas whereas the other produces methane gas.  If these reactions were permitted in two 
separate  digester  reactors,  called  phase  I  (one) and phase  II  (two),  the  production of 
carbon dioxide gas and methane gas would be significantly more efficient because they 
could each proceed at the optimum pH and optimum ORP preferred by their respective 
anaerobic digestion bacteria.   The bacteria  that produce carbon dioxide gas prefer an 
acidic pH (less  than 7.0 pH) whereas  the bacteria  that produce methane gas prefer a 
basic  pH  (greater  than  7.0  pH).    Two­phase  digesters  that  operate  at  a  thermophilic 
temperature are easily capable of producing  twice  the gases (carbon dioxide gas and 
methane  gas)  at  twice  the  speed  as CHR  anaerobic  digesters.    The  longest  running 
United States based thermophilic two­phase anaerobic digester has been operating in 
DuPage County, Illinois at  its 12 million gallon per day (MGD) treatment plant (located 
within  Woodridge).    It  was  process  designed  by  the  distinguished  Dr.  Sam  Gosh, 
formerly of the Gas Technology Institute with Consoer Townsend Consulting Engineers 
providing  the overall  treatment plant design.   The DuPage  facility has been operating 
successfully  since  1991.    Full  marketplace  credit  for  developing  highly  efficient  two­ 
phase  anaerobic  digestion  technology  goes  to  the  Gas  Technology  Institute,  a 
United States based trade association of the natural gas industries. This was a 10 year 
program that was terminated about 15 years ago due to significant new discoveries of



natural  gas.   When  the  program was  initially  created  it  was  believed  that  the United 
States was running out of natural gas.  The  just referenced new discoveries of natural 
gas have already been mostly used up.  Apparently an energy policy decision has been 
made to simply import natural gas from Asia in the form of liquefied natural gas (LNG) 
to  make  up  the  shortfall.    Rather  than  conserving  its  supply  of  natural  gas  for  US 
markets,  the natural gas providers are  selling  it  to Mexico at  record profits.   Sales  to 
Mexico are expected to continue for some time to come. 

DuPage County, Illinois Two­Phase Thermophilic Anaerobic Digestion Facility 

Two­phase  thermophilic  anaerobic  digestion  technology  converting  food  waste  into 
energy was demonstrated in Korea in 1998 as shown below. 

From CADDET Technical Brochure No. 66



Having  now  identified  two­phase  thermophilic  anaerobic digestion  of MSW and 
other wastes as one of the waste­to­energy component technologies, the task to 
identify additional required technologies still exists. 

The term reverse osmosis comes from the process of osmosis, the natural movement 
of solvent from an area of low solute concentration, through a membrane, to an area of 
high solute concentration  if no external pressure  is applied.    In simple  terms,  reverse 
osmosis is the process of pushing a solution through a filter that traps the solute on one 
side and allows the pure solvent to be obtained from the other side. More formally, it is 
the  process of  forcing  a  solvent  from a  region of high solute  concentration  through a 
membrane to a region of low solute concentration by applying a pressure in excess of 
the  osmotic  pressure.  The  membrane  here  is  semipermeable, meaning  it  allows  the 
passage of solvent but not of solute. 

The membranes used for reverse osmosis have no pores, the separation takes place in 
a dense polymer  layer of only microscopic  thickness.  In most cases  the membrane  is 
designed  to  only  allow  water  to  pass  through.  The  water  goes  into  solution  in  the 
polymer  of  which  the  membrane  is  manufactured,  and  crosses  it  by  diffusion.  This 
process requires that a high pressure be exerted on the high concentration side of the 
membrane, usually 2 ­ 14 bar (30 ­ 200 psig ­ pounds per square inch ­ gauge) for fresh 
and brackish water, and 40 ­ 70 bar [(600 ­ 1000 psig)] for seawater, which has around 
24 Bar [(350 psi)] natural osmotic pressure which must be overcome.



In  the  late  1940s,  researchers  began  examining  ways  in  which  pure  water  could  be 
extracted from salty water.  During the Kennedy administration, saline water conversion 
was a high priority  technology goal­"go  to  the moon and make the desert bloom" was 
the slogan.   Supported by  federal and state  funding, a number of  researchers quickly 
advanced  the  science  and  technology  of  sea  water  conversion,  but  UCLA  made  a 
significant  breakthrough  in  1959  and  became  the  first  to  demonstrate  a  practical 
process known as reverse osmosis (RO).  The first viable reverse osmosis membrane 
was made from cellulose acetate as an integrally skinned asymmetric semi­permeable 
membrane. This membrane was made by Loeb and Sourirajan at UCLA  in 1959 and 
patented in 1960.  The current production of reverse osmosis (RO) membrane materials 
are based on a composite material patented by FilmTec Corporation in 1970.  FilmTec's 
FT30  membrane  is  known  as  a  polyamide  thin  film  composite  membrane.    It  was 
subsequently acquired by Dow Chemical Company.  During  the period 1995­2005 the 
cost  of  membranes  decreased  over  50%  due  to  increased  acceptance  of  the 
technology coupled with increased competition in the marketplace.  From a technology 
that one couldn’t once afford, the technology ascended to the level one couldn’t afford 
to do without. 

Maximum membrane sizes have but gradually increased over time from 2”Ø to 13” Ø. 
With  its  introduction  of  a  whopper  18”Ø  membrane,  Koch  Membrane  Systems  has 
become the worldwide leader of this increasingly important technology. 

Koch Membrane Systems, Inc. has grown through the internal development of superior 
filtration  products,  as  well  as  through  acquisitions  of  leading  companies  in  the  field. 
KMS is headquartered in Wilmington, Massachusetts, with offices throughout the world 
and  manufacturing  plants  in  Wilmington,  Massachusetts,  and  San  Diego,  California.



Among the acquisitions of Koch Membrane Systems, Inc. were Romicon, Inc.  in 1991, 
Fluid  Systems  Corporation  in  1998,  and  Puron  AG  in  2004, all  three of  which  had 
closely related products and technology.  Romicon's outstanding reputation was based 
on hollow fiber membranes and membrane systems. 

Preliminary list of required component technologies now consists of: 

1.  Two­phase thermophilic anaerobic digestion of MSW and other wastes, and 
2.  Reverse osmosis treatment 

Another essential technology is the generation of electricity.  This can be accomplished 
using diesel and natural gas (methane) fueled combustion engine generators as well as 
diesel  and  natural  gas  (methane)  fueled  turbine  generators.    Both  types  of  power 
generation  systems  lend  themselves  to  combined  cycle  (aka  cogeneration)  efficiency 
referenced under  the combined heat and power (CHP) section discussed above.  The 
power generated will be used to power the Regional Biowaste Energy Industrial Park 
as  well  as  the  surrounding  community.  The  power  generation  equipment  can  be 
supplied by several worldwide vendors.  Typical power generation equipment is shown 
below: 

Deutz Model TCG 2020 Natural Gas Engine Power Generator 
Source:  Deutz Power Systems GmbH & Co. KG



Cummins 1,000 kW Diesel Generator 

Two Mitsubishi Model 701F Combustion Gas Turbines 
Total Power Generation Capacity 526 MW Electricity 

The above power generation equipment always produces carbon dioxide gas, oxides of 
nitrogen (NOx), and water vapor.  These gaseous discharges have  to be successfully 
managed  in  order  to  prevent  additional  global warming.  100% gas managed  control 
technology will be disclosed later on. 

Another  essential  technology  is  the  accelerated  production  of microalgae  for  the 
purpose  of  producing  biodiesel  fuel.  A  gasoline  engine  is  about  25%  efficient  in 
converting  Btus  into  work  (joules).  A  diesel  engine,  by  comparison,  is  about  43% 
efficient. When converted  into actual distances, each and every 100 gasoline miles  is 
the near equivalent of 172 petrodiesel or biodiesel miles.  These facts are ever present 
driving forces which favor the use of far more efficient diesel engines. 

As  a  diesel  engine  fuel  biodiesel  is  an  environmentally  preferred  and  a  performance 
equal to petrodiesel.  If refined from waste vegetable oils and fats it is price competitive



with  petrodiesel  and  is  now  being  sold  in  the  marine,  transportation,  and  mining 
industries as well as for heating oil.   If refined from virgin vegetable oils, however,  it  is 
not  price  competitive  and  therefore  not  being  sold  as  a  100%  replacement  of 
petrodiesel.    It  is, however, currently being used as a blend component of petrodiesel 
because of its extremely positive influence on lubricity and environmental emissions.  A 
blend as low as 2% provides a dramatic positive effect on the overall performance of a 
diesel engine reflecting its extremely favorable fuel characteristics. 

The  production  cost  of  biodiesel  consists  of  the  cost  of  vegetable  oil  acquisition  (or 
production)  plus  the  cost  of  its  subsequent  refining.    There  is  not  a  great  deal  of 
improvement possible with vegetable oil acquisition or production as most of the some 
50 vegetable oils marketed are already  fully established worldwide commodities.  The 
cost of biodiesel  refining, however,  is susceptible  to significant  improvement  if 
the  associated  refining biowastes are converted  into energy  through anaerobic 
digestion technology.  Biodiesel is efficiently produced by a chemical process called 
transesterification  whereby  raw  glycerine  is  removed  from  vegetable  oils.    Raw 
glycerine  must  then  be  further  purified  before  it  can  be  marketed.  Because  of  a 
continuing  worldwide  glycerine  glut,  raw  glycerine  may  be  better  managed  as  a 
biowaste residual of biodiesel  refining rather  than a salable commodity.   And whether 
the  vegetable  oils  are  obtained  by  crushing  or  steam  extraction  there  are  always 
additional  biowaste  residues  all  of  which  may  be  anaerobically  digested  to  produce 
methane gas.  Methane gas can be efficiently converted into steam and electricity, both 
of which can be holistically and beneficially used in the refining of biodiesel.  In addition 
to  methane  gas,  the  two­phase  thermophilic  anaerobic  digestion  process  generates 
carbon dioxide gas, organic fertilizer,  liquid  fertilizer concentrate, and reverse osmosis 
permeate water,  all  of which  are  salable  commodities  and  therefore  added  value  co­ 
products in the refining of biodiesel. 

Biodiesel is a pure 100% fuel conforming to ASTM Specifications D 6751.  It is referred 
to  as  B100  or  "neat"  biodiesel.  A  biodiesel  blend  is  pure  biodiesel  blended  with 
petrodiesel.  Biodiesel blends are referred to as BXX. The "XX" indicates the amount of 
biodiesel in the blend. A B20 blend, for example, is a 20% volumetric blend of biodiesel 
with  80%  petrodiesel.  B20  easily  meets  ASTM  Specifications  D  975.    Biodiesel  and 
biodiesel  blends  have  excellent  solvent  properties.    In  some  cases,  the  use  of 
petrodiesel,  especially  No.2  petrodiesel,  leaves  a  deposit  in  the  bottom  of  fuel  lines, 
tanks, and delivery systems over time.  The use of biodiesel can remove this deposit or 
sediment which  results  in  the need  to  change  filters more  frequently when  first  using 
biodiesel  until  the  entire  fuel  delivery  system  has  been  cleaned.    This  same 
phenomenon  is  frequently  observed  when  switching  from  No.2  petrodiesel  to  No.1 
petrodiesel. 

B20  raises  the  pour  point,  cloud  point,  and  cold  filter  plugging  point  (CFPP)  cold 
weather properties of petrodiesel at  least 1.67°C (3°F).  Biodiesel antigel products are 
available that can efficiently and effectively lower the CFPP of B20 biodiesel as low as ­ 
40°C  (­40°F).    Fuel  filter and  line  heaters  can also  be  used  to  lower  the CFPP even 
further.   Neat biodiesel should be transported and stored at temperatures above 10°C 
(50°F)  to  guard  against  gelling.  Biofuels  include  ethanol,  hydrogen,  methane,  and 
biodiesel.  All are derived from renewable biological sources.  All directly support  local 
agricultural  economies  on  a  sustainable  basis.    All  generate  less  pollution  than 
petroleum­based fuels.  Compared with petrodiesel, biodiesel: 

Is cleaner burning.



Is odor free, non­toxic, and highly biodegradeable. 
Is free of sulfur. 
Is safer for people and the environment. 
Reduces EPA targeted emissions. 
Achieves more complete fuel combustion. 
Is safer to handle, transport, and store. 
Has much higher lubricity. 
Reduces black smoke. 
Eliminates the nauseating smell 
Has a flash point above 150°C (302°F) and therefore exhibits a lesser potential 
for explosion. 
Reduces greenhouse gas emissions. 
Is a plant­based fuel replacement. 

The  production  of  biodiesel  from  vegetable  oil  represents  an  industry  that  is  quickly 
gaining a worldwide foothold in the biofuels business due to the increased subsidies in 
the marketplace. 

This  country’s  principal  effort  to  develop  alternative  energies was  undertaken  by  the 
National Renewable Energy Laboratory (NREL).  This laboratory was initially 
established  by  the  Solar  Energy  Research  Development  and  Demonstration  Act  of 
1974. Originally called  the Solar Energy Research  Institute, NREL began operating  in 
July 1977 and was designated a national  laboratory of the U.S. Department of Energy 
in September 1991.  NREL has existing partnership agreements with approximately 250 
industry partners, 70 universities and 80 not­for­profit organizations.   Twenty years of 
research have yielded significant progress in many renewable energy technologies. The 
cost of wind energy has declined from 40¢ per kilowatt­hour to about 5¢.  Photovoltaic 
systems can now be manufactured for about $2.20 per watt, down from $4.50 per watt 
in 1980.   And ethanol costs have plummeted from $4 per gallon  in  the early 1980s to 
$1.22 today.  Yet all of these alternative energy technologies still require governmental 
subsidies for their application in the marketplace.  None yet represents a true scientific 
(economically competitive) solution. 

The closest NREL has come to an economically competitive solution was the Aquatic 
Species  Program(ASP)  that  consisted  of  the  production  of  a  biofuel  called  algal 
biodiesel.  Algal biodiesel is produced through the growing of microalgae for their lipid 
content.  The lipid content is then converted into biodiesel through transesterification in 
the  same  manner  that  soybeans  and  other  vegetable  oils  are  converted.    Biodiesel 
produced  from microalgae  is,  as  a  practical matter,  identical  with  biodiesel  produced 
from  vegetable  oils.    The  ASP  funding  totaled  $25.05  million  over  a  20  year  period 
which  began  in  1978.    Continuation  funding  was  ultimately  terminated  when  it  was 
officially  determined  that  algal  biodiesel  could  not  be  produced  economically.    Even 
though every one of the past NREL success stories still require subsidy support for their 
marketplace  use  the ASP program was  killed  for  the  same  reason—likely  due  to our 
nation’s energy policy that is intimately and equally committed to the existing coal and 
oil industries. 

The  ASP  obtained  its  data  from  growing microalgae  in  warm  open  ponds  relying  on 
daylight photosynthesis and micronutrients from rainfall runoff events.  If the microalgae



is  produced  under  24  hours  photosynthesis  conditions  with  massive  amounts  of 
micronutrients added to the culture at about 100 degrees Fahrenheit, production can be 
significantly  enhanced.    The micronutrients  are  provided  by  the  reject  (liquid  fertilizer 
concentrate)  of  the  reverse  osmosis  equipment  downstream  from  the  two­phase 
thermophilic anaerobic digester.  By additionally adding  the carbon dioxide, NOx, and 
moisture  from  the  power  generation  equipment  the microalgae  production  technology 
becomes compliant with Kyoto Protocol.  The resulting final microalgae production 
is  increased  perhaps 100­fold  in  far  less  space  as  the NREL  open ponds.  The 
produced microalgae may be used: 

1.  In quite economical biodiesel production. 
2.  In quite economical fish farming. 
3.  And as an economical animal feed supplement. 

Associated co­product management consists of: 

1.  The retail selling of biodiesel at a 20% discount from petroleum diesel. 
2.  The transfer of all biodiesel wastes to the anaerobic digester to produce more 

methane gas, carbon dioxide gas, organic fertilizer (digestate), liquid fertilizer 
concentrate, and reverse osmosis (RO) water. 

3.  Fish processing and retail selling of processed fish at a 20% discount from retail. 
4.  The transfer of all fish farming and processing wastes to the anaerobic digester 

to produce more methane gas, carbon dioxide gas, organic fertilizer (digestate), 
liquid fertilizer concentrate, and reverse osmosis (RO) water. 

5.  The methane gas produced will be: 
a.  Used to generate combined cycle electricity for internal BioWaste Energy 

Regional Industrial Park use with the remainder sold to the local 
marketplace at a 20% discount from retail. 

b.  Retail sold to the local marketplace as compressed natural gas (CNG) fuel 
at a 20% discount on a gasoline gallon equivalent (GGE) basis. 

c.  Retail sold to the local natural gas marketplace at a 20% discount from 
retail. 

6.  Some of the microalgae will be sold as an animal feed supplement at a 20% 
discount from retail on a protein content equivalent basis. 

The  Food  Independence  technology  component  may  achieved  by  vertical  farming 
within massive greenhouses.   Our planet  is rapidly running out of arable  land.   Those 
nations which have already run out of arable land are clearing forests (deforestation) for 
agricultural  production.    Deforestation  causes  climate  change  due  to  the  burning  of 
these  forest  clearing  wastes.    The  combustion  of  forest  wastes  discharges  carbon 
dioxide into the environment.  Carbon dioxide is thought to be one of the several gasses 
that are responsible for global warming.  Nations that clear forests for food production, 
however, have no other choice to prevent food deprivation and in some cases children 
starvation.    Vertical  farming  (multistory  greenhouses)  completely  solves  this  tragic 
problem on a sustainable basis. 

Greenhouse farming permits  the production of 100% organic  foods which are  thought 
by many to be more nutritious.  Since precise nutrient and moisture management can 
be  achieved  intercropping may  be  practiced  thereby  producing more  food  per  acre 
than  horizontal  farming.    Intercropping  refers  to  the  simultaneous  growing  of  two  or 
more crops within a common soil matrix.  Greenhouse farming eliminates the necessity 
to  use  pesticides,  fungicides,  and  herbicides  since  greenhouse  supply  air  can  be



mechanically  filtered  and  sterilized  to  remove  or  otherwise  sanitize  airborne  spores. 
With  the  next  generation  technology  greenhouse  make­up  air  first  passes  through 
power  generation  combustion  engines  to  produce  electricity.  The  completely  sterile 
products of combustion consist of water vapor, carbon dioxide, and oxides of nitrogen. 
The carbon dioxide is beneficially used in the photosynthetic production of carbohydrate 
based food crops.  By increasing the carbon dioxide concentration to about 1,200 parts 
per  million  by  volume  (ppmv)  (1,200  µL/L)  crop  growth  rates  are  maximized.    By 
precisely  controlling  temperature,  humidity,  nutrients,  and  artificial  lighting  crop 
production  can  be  further  optimized.    Because  the  greenhouse  weather  can  be 
precisely  controlled  more  than  one  crop  per  year  can  be  produced.    In  the  case  of 
soybeans,  for  example,  four  crops,  rather  than  a  single  crop,  per  year  are  easily 
achievable.  Greenhouse weather control combined with intercropping can achieve 10 
times more food production/hectare than traditional horizontal farming. 

MSW­to­energy  anaerobic  digestion  plants  produce  digestate  that  contains  insoluble 
salts  of  heavy metals.    The  digestate will  be  beneficially  used  as  the  granulated  soil 
matrix within greenhouses.   Soil  scientists  list  the several micronutrients of Aluminum 
(Al), Arsenic  (As), Barium (Ba), Boron (B), Chloride  (Cl), Chromium  (Cr), Cobalt  (Co), 
Copper (Cu), Fluorides (F), Iron (Fe), Manganese (Mn), Molybdenum (Mo), Nickel (Ni), 
Lead (Pb), Selenium (Se), Strontium (Sr), Titanium (Ti), Tungsten (W), Vanadium (V), 
and Zinc (Zn) as essential for optimum plant growth.   It  is well known that Hawaii has 
the most productive soils anywhere found.  The productivity is achieved because of the 
generous  content  of  micronutrients.    The  soils  were  initially  formed  from  lava  flows 
which are  rich  in minerals.   The heavy metal  content of MSW therefore ends up  in a 
quite productive role within the greenhouse. 

For more  than 20 years  the United States Environmental Protection Agency (USEPA) 
has  permitted  the  land  application  of  Class B Biosolids.  The Centers  For  Disease 
Control And Prevention, The Occupational Health And Safety Administration  (OSHA), 
and  several  additional  private  groups  have  recommended  against  this  continuing 
practice.  When Class A or Class B Biosolids that contain heavy metals are applied to 
cropland, heavy metals uptake occurs mostly within the root system with progressively 
lesser uptake occurring  throughout  the entire plant pathway  to  the  food product  itself. 
The uptake occurs  at  acidic,  neutral,  and  basic  (alkaline)  pH  values as well  as  other 
growing conditions such as moisture adjustments and macro nutrient applications. 

Using the Class A Biosolids Digestate as a soil amendment for use in landscaping or 
greenhouse  activities  is  specifically  permitted  by  the USEPA  because  of  its  Class  A 
Biosolids  Status  (Section  Three,  Par.  3.1  EPA/831­B­93­0026,  Land  Application  of 
Sewage  Sludge,  December,  1991).    The  soil  amendment  therefore  becomes  the 
ultimate fate of the heavy metals.  When using the Class A Biosolids digestate as a soil 
amendment in the greenhouse growing of vegetable oil crops, the vegetable oil can be 
subsequently  refined  into  biodiesel  through  transesterification.    Heavy  metals  do  not 
participate in the transesterication process and are therefore left over in the associated 
wastes.   The transesterification process results  in soapstock and glycerin wastes.   All 
wastes  associated  with  biodiesel  refining  are  routinely  returned  to  the  digester  to 
produce additional  renewable energy. The associated vegetable oil  crop  residues are 
also routinely returned to the digester to produce additional renewable energy.  The soil 
amendment therefore becomes the ultimate fate of the heavy metals. 
When using  the Class A Biosolids Digestate as a soil amendment  in  the greenhouse 
growing of  food crops,  the organic  food products will be marketed at a discount  from 
retail.    Evidence  that  food  products  produced  on  sewage  sludge  applied  land  are



harmful  to human health does not exist  (Section Three, Par. 3.1 EPA/831­B­93­0026, 
Land  Application  of  Sewage Sludge,  December,  1991,  and  Food Standards  Agency, 
Research  Programme  Annual  Report,  2001).    Using  the  digestate  soil  amendment, 
regardless of the heavy metals content (pollutant  load),  is specifically permitted by the 
USEPA  because  of  its  Class  A  Biosolids  Status.    The  soil  amendment  therefore 
becomes  the  fully and automatically permitted ultimate  fate of  heavy metals.   Use of 
the  two­phase  thermophilic  anaerobic  digester  organic  fertilizer  (digestate)  for 
the  greenhouse  production  of  organic  food  crops  therefore  represents  a 
environmentally proper and agriculturally beneficial use of this co­product of the 
waste­to­energy technology. 

(Author’s  Note:    It  has  just  recently  been  learned  that  Beethoven  [Ludwig  van 
Beethoven] of Symphony No. 5  fame  [Opus 67  In C Minor] died  [March 26,  1827] of 
lead poisoning resulting from his music composing habit of drinking wine from a pewter 
goblet.    Lead  is  one  of  the  heavy  metals.    The medical  science  of  determining  the 
harmful effects of heavy metals has been around for well over 50 years.  The continuing 
public debate that All Heavy Metals are automatically harmful to human health appears 
to  be  based  on  rather  simplistic  non­technical  concerns  over  the  general  use  of 
chemicals  in  the  agricultural  marketplace  rather  than  the  systematic  application  of 
sound science.  For example, the quite popular human vitamin Centrum contains Boron 
[B], Calcium [Ca], Chromium [Cr], Copper [Cu], Iodine [I], Iron [Fe], Magnesium [Mg], 
Manganese  [Mn],  Molybdenum  [Mo],  Nickel  [Ni],  Potassium  [K],  Phosphorus  [P], 
Selenium  [Se], Silicon  [Si], Tin  [Sn], Vanadium  [V], and Zinc  [Zn] chemicals.   There 
are  some 23 heavy metals  including Cr, Cu, Fe, Mn, Ni, Se, Sn, V,  and Zn  [Glanze, 
1996].  The environmental and medical communities appear out of sync on the subject 
of heavy metals.   The few heavy metals of Arsenic  [As], Mercury  [Hg], and Lead [Pb] 
have indeed caused death [Beethoven] under special circumstances.  In general, heavy 
metals are extremely beneficial micronutrients within the agricultural marketplace.) 

While achieving energy,  food,  fuels, and water  independence,  the proposed waste­to­ 
energy technology can solve significant major problems such as aquifer depletion and 
acid mine drainage destruction.  Acid mine drainage streams extend over 13,000 miles 
(Hadley,  Snow  1974).    Abandoned  coal  mines  now  number  over  15,000  (many 
references).  The devastation of the fresh water fishing is complete.  Not too many fish 
like  a  pH  of  3  nor  do  they  enjoy  iron  pyrites.    Makes  them  gag.  If  the  acid  mine 
drainage  is  managed  as  a  liquid  waste  similar  to,  say,  sanitary  wastewater  the 
proposed  technology  can  convert  the  drainage  into  bottled water  quality.    Acid mine 
drainage can be used (diverted) along with sanitary wastewater to slurry mix ground up 
MSW in the production of electricity and other valuable co­products.  The resulting RO 
water  is  then  discharged  back  into  the  drainage  stream  resulting  in  an  environment 
again  suitable  for  fresh  fish  and  other  aquatic  growths.   Acid mine  drainage  streams 
frequently flow past municipalities.  Municipalities generate MSW.  The proposed site of 
acid  mine  drainage  treatment  is  therefore  near  a  community.    Perhaps  the  same 
community that provides the miners.  Just a thought.  Acid mine drainage streams look 
like the following.  Fish seem to prefer a better water quality.  Maybe better trout fishing 
in  Pennsylvania  can  be  achieved  someday  with  an  intelligent  global  waste­to­energy 
policy  that  replaces  the  administration’s  current  energy  policy.    A  replacement  policy 
that  also  produces  less  expensive  energy,  food,  fuels,  and  water  on  a  sustainable 
basis.



The effects of Acid Mine Drainage (AMD) on Shamokin Creek approximately 13 
miles downstream of the last mine discharge.  This location is 3 miles from its 

confluence with the Susquehanna River. 

Successful  treatment  begins  with  the  construction  of  a  building  near  the  stream  and 
community.  The building will house power generation equipment, biodiesel production 
equipment, fish farming and processing equipment, equipment to compress natural gas, 
food  production  and  processing  equipment,  dry  ice  manufacturing  equipment,  MSW 
grinding equipment, and a two­phase thermophilic anaerobic digester on the main floor. 
The basement of  the building will  contain  fresh  fish  farming capabilities.   The  second 
and third floors will be dedicated to greenhouse farming utilizing the digestate from the 
digester.    The  design will  permit  the  addition  of more  floors  over  time.    Unemployed 
miners will be solicited for employment. 

An engineering drawing showing the entire process of waste­to­energy is shown below:





Integrated And Holistic Waste Processing And Recycling With 
Associated Value Added Products Production And Marketing 

Acid Mine Drainage Wastes 
Animal Processing Wastes 
Animal Production Wastes 
Biodiesel Refining Wastes 
Construction & Demolition Wastes 
Crop Processing Wastes 
Crop Production Wastes 
Dead Animal Wastes 
Dumpster Wastes 
Fish Farming Wastes 
Fish Processing Wastes 
Food Wastes 
Medical Wastes 
Municipal Solid Wastes 
Stormwaters 
Sanitary Wastewater 
Unknown Wastes 

Two-Phase Thermophilic 
Anaerobic Digestion 

Carbon Dioxide Gas 
Methane Gas 
Organic Fertilizer (Digestate) 
Liquid Fertilizer Concentrate 
Reverse Osmosis (RO) Water 

Biodiesel Transportation Fuel To Local Market 
Microalgae To Local Market 
Compressed Natural Gas (CNG) Transportation Fuel To Local Market 
Natural Gas (Methane) Heating Fuel To Local Market 
Electricity To Local Market 
Processed Fish To Local Market 
Processed Crops To Local Market 
Processed Animals To Local Market 

Carbon Dioxide Gas To Microalgae Production 
Combustion Generator Gases To Microalgae Production 
Liquid Fertilizer Concentrate To Microalgae Production 
Organic Fertilizer To Greenhouse 
Reverse Osmosis (RO) Water Of Bottled Water Quality To: 

Aquifer Restoration 
Boiler Water Make-Up 
Chesapeake Bay 
Discharge 
Fish Farming 
Irrigation 
Livestock Drinking Water



Renewable Energy, Biofuels, Food, and Water Independence through 
Wastes-To-Renewable Energy Technologies & Total Byproduct Recycling 

in Precise and Perfect Harmony with Kyoto Protocol  
 

That so many individually spectacular marketplace achievements are entirely possible by 
super diligent waste management and 100% byproduct recycling is remarkable--possibly 
even amazing.  The extended list of possible marketplace achievements includes: 
 

• Biofuels Independence 
• Certified Emission Reduction Credits 
• Conversion of Barges & Ships to Zero Greenhouse Gas Emissions 
• Conversion of Buildings to Zero Greenhouse Gas Emissions 
• Conversion of Buses, Cars, Trucks, and Vans to Zero Greenhouse Gas Emissions 
• Conversion of Fossil Fueled Power Plants to Zero Greenhouse Gas Emissions 
• Conversion of Trains & Locomotives to Zero Greenhouse Gas Emissions 
• Food Independence 
• Immense Jobs Creation Potential 
• Renewable Energy Independence 
• Reversal of Global Warming 
• Self-BioFueledTM Trains & Locomotives 
• SuperGreenTM Buildings 
• SuperGreenTM Self-Fueled Dual-BiofuelTM

 Powered Ships 
• Water Independence 

 
The several component technologies include: 
 

• Chemistry 101 
• Construction & Demolitions Wastes Management 
• Combined Cycle Power Generation 
• Food Processing Wastes Treatment 
• Food Production Wastes Treatment 
• Medical Wastes Management  
• Methane-To-Methanol Through Synthesis Gas Production 
• Microalgae-To-Biodiesel Through Transesterification 
• Municipal Solid Waste (MSW) Management 
• Photosynthesis Around The Clock 
• Recycling of Waste Aggregates in the Manufacture of Precast Concrete Products 
• Recycling of Carbon Dioxide To Increase Spirulina Microalgae Production 
• Recycling of Combustion Gases To Increase Spirulina Microalgae Production 
• Recycling of Nutrients To Increase Spirulina Microalgae Production 
• Recycling Of Steam Turbine Power Generation Steam Condensate 
• Reverse Osmosis Treatment  
• Sanitary Wastewater Treatment 
• Storm Water Treatment 
• Two-Phase Anaerobic Digestion 
• Wastes-To-Renewable Energy 

To understand how all of the above component technologies operate to achieve a specific 
objective in the marketplace each must be individually analyzed.     
 



Let’s start with Chemistry 101 to determine how it is applied to achieve the Conversion of 
Buses, Cars, Trucks, and Vans to Zero Greenhouse Gas Emissions.  Buses, cars, trucks, 
and vans burn (combust) either fossil fuels or biofuels in both spark ignition and compression 
ignition engines.  Combustion gases are typically very hot reaching a range of 550 – 850ºC 
(1022 – 1562 ºF).  The general combustion equation is:  
 
CH4 (the most prominent molecule in fuel) + 2 O2 (from air) →  2 CO2 + 2 H2O + heat (enthalpy) 
 
Since many fuels contain sulfur (S), sulphur dioxide and other sulphur oxides are also formed 
during combustion.  These oxides are commonly referred to as SOx.  The general combustion 
equation then becomes: 
 
CH4 + 2 O2 + S  →  2 CO2 + 2 H2O + enthalpy + SOx (SO2) 

Other than for methane gas (CH4) the combustion of fuels is never perfect resulting in the 
formation of polyaromatic hydrocarbons (PAH).  PAHs are a group of chemicals that are formed 
during the incomplete burning of coal, oil, gas, fuel, wood, garbage, or other organic substances, 
such as tobacco and charbroiled meat.  There are more than 100 different PAHs.  PAHs 
generally occur as complex mixtures (for example, as part of combustion products such as 
soot), not as single compounds.  Other than for methane gas, fossil fuels and biodiesel always 
exhibit imperfect combustion due to the high surface tension of fuels.  In buses, cars, trucks, and 
vans the fuel has only about 1/25,000th of a second to achieve perfect combustion.  Every effort 
is made in the design of these engines to accomplish complete combustion by promoting the 
change of the liquid fuel to a gaseous fuel since all liquid fuels are scientifically incapable of 
combustion.  Consequently, PAHs are always and ever present in their combustion gases.  
PAHs are sometimes referred to as Polynuclear Aromatic Hydrocarbons (aka PAH).  The 
general combustion equation then becomes: 

CH4 + 2 O2 + S  →  2 CO2 + 2 H2O + enthalpy + SO2 + PAHs (C6H6) 
 
During the combustion process nitrogen gas forms NOx pollutants that have been identified with 
both smog and acid rain.  NOx form when fuel is burned at high temperatures, as in a 
combustion process.  The primary sources of NOx are motor vehicles, electric utilities, and other 
industrial, commercial, and residential sources that burn fuels. NOx consists of nitrogen dioxide 
(NO2) and nitric oxide (NO).  The general combustion equation then becomes: 
 
CH4 (from fuel) + 2 O2 (from air) + S  →  2 CO2 + 2 H2O + enthalpy + SO2 + C6H6 + NOx (NO + 
NO2) + residual nitrogen gas (RN2) 
 
Hydrocarbons are compounds that contain both carbon and hydrogen.  With the single 
exception of compressed natural gas (CNG) fuel, combustion engines are scientifically 
incapable of achieving 100% fuel combustion due to these surface tension of other fuels 
(petroleum diesel, biodiesel, gasoline, and alcohol-gasoline blends).  Other fuels are entirely 
liquids.  Liquid fuels do not support combustion, only gaseous fuels.  Fuel injectors and 
carburetors are typically used to achieve liquid-to-gas transformation.  Complete combustion 
must occur in about 1/25,000th of a second—the length of time that fuel exists within the 
combustion chamber at normal engine revolutions per minute (rpm).  Fuel injectors and 
carburetors work very well but are not 100% effective.  Consequently unburnt hydrocarbons 
(HC) build up over time causing combustion deposits to occur within the combustion chamber in 
both spark ignition and compression ignition engines.  There are also tiny amounts of unburnt 
hydrocarbons (HC) in the exhausts of combustion engines.  Certain hydrocarbons are 



carcinogenic.  In addition they also promote photochemical smog producing a brown haze 
around major cities.  The general combustion equation then becomes: 
 
CH4 + 2 O2 + S  →  2 CO2 + 2 H2O + enthalpy + SO2 + C6H6 + NO + NO2 + HC (C6H6) + RN2 
 
As already stated, whenever unburnt hydrocarbons (HC) are present incomplete combustion 
occurs.  Incomplete combustion results in the formation of carbon monoxide (CO).  The general 
combustion equation then becomes: 
 
CH4 + 2 O2 + S  →  2 CO2 + 2 H2O + enthalpy + SO2 + 2 C6H6 + NO + NO2 +  RN2 + CO 
       
      Chemical                                                  Chemical 
      Reactants                                                 Products 
 
The addition of Ozone (O3) to the chemical products produces the following reactions: 
 
O3 + 2 CO2  →   no reaction 
 
O3 + H2O  + SOx (SO2) →   H2SO4 +  O2 
 
5 O3 + PAHs (C6H6)  →   6 CO2 + 3 H2O + particulates 
 
O3 + NOx (3 NO + NO2)   →   N2O3 + N2O5  
 
2 O3 + 3 N2O3 + 3 N2O5 + 6 H2O   →   12 HNO3  
 
5 O3 + HC (C6H6) →   6 CO2 + 3 H2O + particulates 
 
O3 + CO  →   CO2 + O2  
 
The consolidation of these several simultaneous ozone reactions reduces to: 
 
15 O3 + 7 H2O + SO2 +2 C6H6 + 3 NO + NO2 + 3 N2O3 + 3 N2O5 + CO + enthalpy  →   
                                                        
                                                H2SO4 + 13 CO2 + 16 HNO3 + 4 H2O + O2 + particulates + RN2 
 
The addition of Sodium Hydroxide (NaOH) to the chemical products formed produces the 
following reactions: 
 
2 NaOH + H2SO4  →  Na2SO4 + 2 H2O 
 
26 NaOH + 13 CO2  →  13 Na2CO3 +  13 H2O 
 
16 NaOH + 16 HNO3  →  16 NaNO3 + 16 H2O 
 
NaOH + particulates  →  no reaction 
 
NaOH + RN2  →  no reaction 
 
The consolidation of these several simultaneous sodium hydroxide reactions reduces to: 
 
44 NaOH + H2SO4 + 13 CO2 + 16 HNO3 + particulates + RN2 + enthalpy →   



 
                                          Na2SO4 + 13 Na2CO3 + 16 NaNO3 + 31 H2O + particulates + RN2 
 
The above equation shows that the sulfur (SOx) in the fuel is converted into soluble sodium 
sulfate, carbon dioxide is converted into soluble sodium carbonate, and NOx is converted into 
soluble sodium nitrate.  If the multiple simultaneous reactions are made to occur within an air 
cooled heat exchanger, the combustion gases will rapidly decrease in temperature from a range 
of about 550 – 850ºC (1022 – 1562 ºF) to less than 100 ºC (212 ºF).  By the time this 
temperature has been reached significant condensation has occurred resulting in stoichiometric 
removals of Na2SO4, Na2CO3, and NaNO3.  As condensation occurs the particulates are 
automatically scrubbed out of the gaseous steam, similar to a rainfall event, and thereby end up 
in the condensate to the extent that they are present.  The condensate continuously drips from 
the condenser (float & thermostatic steam trap) onto the roadway where it evaporates to 
dryness over time.  Thereafter, the condensate constituents become windborne or are otherwise 
washed away during rainfall events.  The most important of the above reactions is the 
permanent sequestration of carbon in the form of carbonate ions.  The only remaining vapor in 
the gaseous state is residual nitrogen (RN2).  This gas is returned to the environment 
constituting the only bus, car, truck, and van exhaust gas.   
 
To prevent the initial formation of HC and PAHs the use of an effective fuel emulsifier, such as a 
ketone, may be employed.  The least expensive ketone is acetone, a byproduct of phenol 
manufacturing with chemical formula C3H6O (Cas No. 67-64-1) and a molecular structure of:     
 

 
 
The acetone emulsifier at a minimum dosage of 60 mL/37.8L (2 oz/10 gallons) causes complete 
combustion to occur in both spark and compression ignition engines resulting in a 20% 
improvement in mileage with an associated elimination of unburnt hydrocarbons (UC) and 
polyaromatic hydrocarbons (PAHs), both also known as particulates.  Additional increased 
performance (mileage) can be achieved by switching crankcase and drive train lubricants to full 
synthetic (no blends) lubricants (4% gain), switching transmission fluids to full (no blends) 
synthetics (6%), and increasing tire pressure to the maximum permitted (3%) for a total 
performance improvement of 20 + 4 + 6 + 3 = 33%.  Achieving complete combustion also 
translates into slightly better engine power output as well.    
 
The following engineering drawing shows how transportation equipment may be converted to 
zero greenhouse gas emissions. 
 



 



The remainder individual component technologies can be simultaneously deployed to operate 
as a cohesive team to achieve renewable energy, biofuels, food, and water Independence.  
Each will be considered individually and when these scientific analyses are completed 
will be combined to achieve the somewhat amazing result.  Let’s start with Two-Phase 
Anaerobic Digestion.  
 
As a single technology anaerobic digestion has a very long history.  The principal reason for its 
use in the marketplace is the production of Biogas.  Biogas consists of about 1/3rd CO2 and 
2/3rd methane gas.  Biogas was first used for heating bath water in Assyria during the10th 
century BC and then in Persia during the 16th century.  In the 17th century, Jan Baptita Van 
Helmont found that decaying organic material produced flammable gases.  In 1776, Count 
Alessandro Volta resolved that there was a direct connection between how much organic 
material was used and how much gas the material produced.  In 1808, Sir Humphrey Davy 
determined that methane was present in the gases produced by cattle manure.  The first 
anaerobic digester was built by a leper colony in Bombay, India in 1859.  The anaerobic 
technology then moved to England in 1895, when biogas was recovered from a sewage system 
and used to fuel street lamps.  In the 1930’s, people began to recognize anaerobic digestion as 
a science, and research was done that led to the discovery of anaerobic bacteria and that led to 
more research into the required conditions to grow methane bacteria.  In 1978, Cornell 
University built the first plug flow digester that was able to digest the manure from sixty cows.  It 
was gradually learned that by increasing the operating temperature of an anaerobic digester 
from ambient temperatures to the 37.7 – 41.5ºC (100 - 105ºF) mesophilic range the production 
of biogas was maximized.  Anaerobic digesters that today operate within this temperature range 
are referred to as Conventional High Rate (CHR) anaerobic digesters.    
 
In the 1980s, the Institute of Gas Technology (now known as the Gas Technology Institute) (see 
http://www.gastechnology.org/) was given a mission to find new sources of natural gas since 
existing known supplies were thought to be at sustainable risk.  The Gas Technology Institute 
(GTI) is a trade association of the natural gas industry.  The GTI was extremely successful in 
developing a variation of conventional high rate anaerobic digestion.  The successful variation 
consisted of separating the acidogenic/acetogenic digestion phase from the methanogenic 
digestion phase.  In so doing, the principal produced gas of the first such phase was carbon 
dioxide gas (CO2) and the principal produced gas of the second such phase was methane gas 
(CH4).  In a conventional CHR anaerobic digester these two phases are always present in the 
same compartment whereas in a two-phase digester the two phases are physically separated.  
The separation of the produced gases results in methane gas with a much improved Btu value 
and carbon dioxide with a much improved purity.  This type of anaerobic digestion is referred to 
as Two-Phase Anaerobic Digestion.  It is now widely recognized as a significant process 
improvement over CHR anaerobic digestion, especially when operating in the thermophilic 
range of 55 – 65ºC (131 - 149ºF).  Two-Phase Thermophilic Anaerobic Digestion is the core 
technology of the remainder individual component technologies.  Significant additional technical 
information on both CHR and Two-Phase Anaerobic Digestion may be found at the following 
Website: http://www.watersmart.com/Anaerobic___Digestion.html. 
 
Food production begins at the farm.  Animal wastes also begin at the farm.  During the last 20 
years the use of anaerobic digestion to process animal wastes is gaining in marketplace 
acceptance (see http://www.r-p-a.org.uk/content/images/articles/adgpg.pdf).  During the last 15 
years the use of anaerobic digestion to process food wastes is also gaining in marketplace 
acceptance (see http://www.plantservices.com/articles/2007/003.html).  During the last 10 years 
the use of anaerobic digestion to process municipal solid wastes is gaining in marketplace 
acceptance at the academic level (see http://cewre.engr.ucdavis.edu/Masoud/MKay.htm) and at 
existing landfills (see http://www.wm.com/WM/environmental/Bioreactor/bioreactorbrochure.pdf).   



Municipal Solid Wastes (MSW) always contains permitted items such as beverage containers, 
cardboard, food wastes, green wastes, and plastics.  MSW also always contains many non-
permitted items such as: 
 

• Asbestos 
• Appliances 
• Agricultural Debris 
• Batteries 
• Chemicals 
• Construction & Demolition Wastes 
• Dead Animals 
• Dead Humans (collected by county coroner) 
• Electronic Wastes 
• Hazardous Wastes 
• Heavy Metals 
• Machinery 
• Medical Wastes – Blood & Sharps 
• Mercury Wastes 
• Oils & Lubricants 
• Paints & Solvents 
• Refrigerants – Freon (R22) & HFC - 134a 
• Transportation Equipment 
• Tires 

 
All of the above permitted and forbidden wastes can be commingled and successfully managed 
by wastes grinding (size reduction) followed by water slurry mixing and thermophilic two-phase 
anaerobic digestion.  The organics are anaerobically digested and thereby converted into CO2 
and CH4.  The residual organics, to the extent present, and the inorganics are together recycled 
as aggregates in the manufacture of precast concrete wall and floor panels for the construction 
trades.  Because of the thermophilic temperature of operation all pathogens are destroyed within 
the anaerobic digester thereby making the technology safe to use.  Asbestos, electronic waste 
metals, heavy metals, and mercury, to the extent present, end up permanently entombed within 
the precast concrete panels thereby enhancing their mechanical strength.  The anaerobic 
digester produced CO2 is beneficially recycled to enhance the growth of Spirulina microalgae.  
The anaerobic digester produced CH4 is beneficially used to generate electricity, as a biofuel, 
and as a feedstock in the manufacture of methanol.  The produced methanol is used as a 
required feedstock in the production of biodiesel biofuel.  The lipid content of Spirulina 
microalgae is converted into biodiesel through a transesterification process.  All of the 
byproducts associated with methanol production (hydrogen gas H2 and water H2O) are recycled 
to and commingled with the anaerobic digester produced CH4 output stream for subsequent 
management.  All of the byproducts associated with biodiesel production are recycled to the 
anaerobic digester for subsequent management.  The following engineering drawing shows the 
complete material flow schematic of waste streams management in full compliance with Kyoto 
Protocol.             
 
    
 
      
 
 
 



 



 
 
 
Producing biodiesel from microalgae has already been achieved technically by the United States 
Department of Energy through its National Renewable Energy Laboratory.  The biodiesel 
production was accomplished through the 20 year Aquatic Species Program (ASP).  Please 
see http://www1.eere.energy.gov/biomass/pdfs/biodiesel_from_algae.pdf.  The program 
consisted of the production of a biofuel called algal biodiesel. Algal biodiesel is produced 
through the growing of microalgae for their lipid content. The lipid content is then converted into 
biodiesel through transesterification in the same manner that soybeans and other vegetable oils 
are converted. Biodiesel produced from microalgae is, as a practical matter, identical with 
biodiesel produced from vegetable oils. The ASP funding totaled $25.05 million over a 20 year 
period which began in 1978.  Continuation subsidized funding was ultimately terminated when it 
was officially determined that algal biodiesel could not be produced economically.  The same 
type of subsidized funding is now being used to support the dynamic growth of the ethanol from 
corn and biodiesel from soy beans biofuels market.  The dynamic growth of the biofuels market 
is now fueling the associated food or fuels issue that is now rapidly descending upon the 
worldwide marketplace. 
 
If the waste-to-renewable energy technology is packaged within a new or existing building it 
becomes SuperGreenTM Building that emits zero greenhouse gas emissions per the attached 
engineering drawing: 
 



 



 
If the waste-to-renewable energy technology is packaged within a few boxcars behind a 
locomotive the resulting SuperGreenTM Train emits zero greenhouse gas emissions.  The train 
becomes self fueled using the two biofuels of compressed natural gas (CNG) and biodiesel from 
microalgae. 
 
If the waste-to-renewable energy technology is packaged within a new or existing barge or ship 
the SuperGreenTM barge or ship emits zero greenhouse gas emissions.  The barge or ship 
becomes self fueled using the two biofuels of compressed natural gas (CNG) and biodiesel from 
microalgae. 
 
If the waste-to-renewable energy technology is packaged adjacent to an existing fossil fueled 
power plant it becomes a fully integrated SuperGreenTM Building that emits zero greenhouse 
gas emissions per the attached engineering drawing: 
 



 



 
If the waste-to-renewable energy technology is packaged within a new or existing pulp and 
paper mill it becomes a SuperGreenTM mill that emits zero greenhouse gas emissions per the 
attached engineering drawings: 
 



 



 



 
If the waste-to-renewable energy technology is packaged within a new or existing sugar cane 
mill it becomes a SuperGreenTM mill that emits zero greenhouse gas emissions per the 
attached engineering drawings: 
 



 



 



If the SuperGreenTM itself is increased in size to become a multiple story massive greenhouse it 
will become capable of producing about 10 times as much food per square foot per story when 
compared with existing outdoor farming practice.  A 50 story vertical massive greenhouse would 
then become capable of producing 500 times as much food per square foot when compared 
with existing outdoor horizontal farming practice.  Since the massive greenhouse would be able 
to recycle 100% of its associated wastes, water, and nutrients the vertical greenhouse becomes 
fully sustainable wastes-to-renewable energy SuperGreenTM facility that emits zero 
greenhouse gas emissions per the attached engineering drawing: 
 



 



The wastes-to-renewable energy technology is being marketed on a build-own-operate 
platform that obviates the need for capital cost spending or tax increases by the waste 
generator.  Profits from routine operations are split 50:50 with the waste generator to increase 
municipal employee pay and to help fund routine municipal projects.  In the course of 
implementing this grand technology there will many jobs created while achieving Renewable 
Energy, Biofuels, Food, and Water Independence.  If generally implemented throughout the 
world the technology has the clear potential for reversing global warming. 
 
 
 
      
 
 
  
 



 
Nonrecourse Project Capital Cost Structure 

 
Delta County, Cooper, Texas Project Building 

 
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. 

    
 
 



Delta County Prefeasibility Study, September 26, 2007 Totals and Notes 
Location:  Cooper, Texas  
Technology Provider:  WaterSmart Environmental, Inc.  
Project Developers: 
 
B2B Financing Service USA 
Contact:  David H. Turkoz, Proprietor 
Phone Number:  817.377.3517 
Website:  http://www.b2bserviceusa.com/index.html 
  
La Rouge Financing, LLC 
Contact:  Deika King, President 
Phone Number:  832.623.3396 
Website:  http://www.larouge.brokerstx.com/ 
  
Sipho Enterprises 
Contact:  Ollie Sipho 
Phone Numbers:  619.972.3935, 619.434.4759 
Website:  http://siphoent.com/index.html 
 

 

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:  1  
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.   

 
 
 
 
 
 
 
 
 
 
 
 

300 Tons CO2/Day



 
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 
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% 
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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.  
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Through Anaerobic
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Reclaiming Landfills 
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MSW disposal
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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

 

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 
Tons CH4/Day x 1.375 = 267.44 Tons CO2/Day. 
 

 

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 

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 

 
 
 

37.9 Tons VS/Day
From Pig Farming

 
18.9 Tons CH4/Day 
From Pig Farming

26.0 Tons CO2/Day 
From Pig Farming  

 



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. 
 
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
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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 

Products Of Two-
Phase Anaerobic 

Digestion

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

 
cu. ft. CH4 x 0.0423

 = lbs CH4

lbs CH4 x 1.375 
= lbs CO2 



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 
 

 
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: 
 
                                                                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.  
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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 
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 
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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 and 0.682 
Tons Spirulina microalgae, 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.  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, and 

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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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 + 3,038 
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$314,511,120 
   
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:  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$314,511,120 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$575,266/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:  281 Tons/Day x 2,000 lbs/Ton x 

US$2.18/lb = US$1,225,160/Day  
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.  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$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) 
 








