Post Office Box 26346
a er mar Shawnee Mission, Kansas 66225-6345

Phone 913.428.7520

EnVlronmental, Inc, wefindsolutions@watersmart.com
Contact: C. G. Steiner For Immediate Release
Phone: 913.428.7520 Date: July 7, 2011

Process: Biowastes-to-renewable energy, biofuels, organic foods, and water independence for
Kumasi, Ghana, West Africa

WaterSmart Environmental, Inc. announces the introduction of its Climagination™ suite
of renewable energy technologies to Kumasi, Republic of Ghana. All of the technolo-
gies comply 100% with Kyoto Protocol in that there are never any greenhouse gas
(GHG) emissions to the environment. The technology suite represents a quantum jump
improvement over General Electric’'s much publicized ecomagination® technologies
that reduce, but do not eliminate, GHG emissions. These several renewable energy
technologies consist of:

Animal Production Wastes-To-Renewable Energy
Animal Processing Wastes-To-Renewable Energy
Biodiesel Processing Wastes-To-Renewable Energy
Food Production Wastes-To-Renewable Energy

Food Processing Wastes-To-Renewable Energy

Fossil Fueled Power Plant Conversions to Renewable Energy
Landfill Wastes-To-Renewable Energy

Medical Wastes-To-Renewable Energy

Municipal Solid Wastes-To-Renewable Energy

10 Oil Sands Revitalization Wastes-To-Renewable energy
11.Palm QOil Mill Wastes-To-Renewable Energy

12.Pulp & Paper Mill Wastes-To-Renewable Energy
13.Self-Biofueled Locomotives That Exhibit Zero GHG
14.Self-Biofueled Ships That Exhibit Zero GHG

15.Sugar Cane Mill Wastes-To-Renewable Energy

16.Tar Ponds Revitalization Wastes-To-Renewable Energy
17.Tidal Generators That Produce Renewable Energy
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The Climagination™ suite of technologies also eliminates the requirement of landfill
disposal since all byproducts (a euphemism for waste products) are internally recycled
to produce additional co-products. Cities that take advantage of this technology be-
come zero-waste-to-landfill communities that help reverse global warming.

Climate Change is very much in the news these days as the dangers of continuing
global warming become more evident throughout the world. Just last week the second
C40 Large Cities Climate Summit began on Monday in New York. The Empire State



Building, the tallest one in the host city, was lit green from dusk to dawn to mark the
commencement of the world event. Leaders of more than 40 large cities all over the
world, along with CEOs from a number of international companies, joined the four-day
conference to address the role large cities must play in reversing or reducing the im-
pact of global warming. The Climagination™ suite of technologies can be implemented
at each of these 40 large cities, as well as all other cities and animal feed lots through-
out the world to help reverse global warming.

WaterSmart Environmental, Inc. is marketing its Kyoto Protocol compliant wastes-to-energy
technology on an economic development platform to concentrated animal feeding operators
and to municipalities. Animal farmers benefit by purchasing biodiesel, electricity, and natural
gas (methane) at a 20% discount from retail. Municipalities also benefit by making biodiesel,
electricity, natural gas, and potable water available to its citizens and businesses at a 20% dis-
count from existing prices. The technology is marketed on a build-own-operate basis thereby
eliminating the necessity for local sales and property tax increases since project financing is
entirely secured from the financial marketplace. Municipalities that embrace the waste-to-
energy technology automatically become zero waste-to-landfill communities. The waste-to-
renewable energy technology has been slowly developed over the last 10 years. It is just now
being introduced to the international marketplace. The technology has the clear potential for
making every single city throughout the world energy and fuels independent while reducing oil
and natural gas imports. The technology will also permit every single city throughout the world
to improve water and wastewater treatment infrastructure while creating jobs and investment
opportunities. The waste-to-energy technology can also be applied to Sugar Cane Mills as
well as Pulp & Paper Mills with equal success. Both types of mills become energy, food, fuels,
and water independent while significantly increasing profits from routine operations. In the
case of Sugar Cane Mills temporary and seasonal jobs turn into full time better paying jobs.

WaterSmart Environmental, Inc. is a provider of waste-to-energy, food independence, water
independence, and energy independence technologies and a manufacturer of highly engi-
neered water purification components and systems. The company designs and builds a wide
variety of water treatment equipment including packaged water and wastewater treatment
plants, UltraPagq™ aerobic package plants, OAT'™™ Process anaerobic digesters with associ-
ated energy production, aerators, filters, PuriSep™ and SmartWater'™ oil/water and sol-
ids/liquids separators, RainDrain™ perimeter trench sand filters for stormwater runoff, dis-
solved air flotation separators, air strippers, complete skid assembled aqueous waste treat-
ment plants, FilterFresh™ skid mounted potable water production plants, skid mounted waste-
water treatment systems for laundromats, commercial laundries, and car/truck wash facilities
with water reclamation and reuse, softeners, demineralizers, activated carbon treatment
equipment, and water purifiers for domestic and international markets.

Specialists in Water and Wastewater Treatment Featuring
Next Generation Wastes-To-Renewable Energy Technologies
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To facilitate community based and private sector developments,

To ensuring existence of peace and tranquility to enable people go about their social and economic
activities,

To establish, install, build, maintain and control public latrines, lavatories urinal and wash places,

To improve environmental and sanitation condition through sound waste management practices,

To control haphazard land development and the provision of basic social physical Infrastructure (ie.
Educational & health facilities)

To enhance the planning, budgeting and project execution role of the Assembly,

To ensure efficient service delivery, staff orientation, co-ordination of departmental activities as well
as client feedback information on the AssemblyA"A¢"'s performance,

To provide for building lines and the layout of buildings, to prepare and undertake and otherwise
control schemes forimproved housing layout and settlement,

To regulate and control markets including the fixing and collection of stall rates and tolls,

To promote civic participation and transparency in local governance and information through the
operation of the Sub structures of the Assembly, and

To ensure effective and efficient revenue mobilization and management.

6.0. The KMA is responsible for:

The issuance of Building Permit

The issuance of birth and death certificates and burial permits

The issuance of marriage certificates

The approval of Planning Schemes(Layouts)

The control of developments - orderly physical development of settlement

Waste Management and waste collection.

Revenue Mobilization

Fixing of Fees and Rates

The preparation of development budgets

The provision of basic socio-economic infrastructure etc. schools, health centers, markets, lorry
parks.

The maintenance of peace and security and

The development of sports and culture.

7.0. OUR SERVICE STANDARDS

We promise to maintain the standards in the table below:

SERVICE TIME FRAME
NO.
1 Preparation and approval of planning schemes and|Six months of submission of
layouts. application
2 Processing of Building permit IThree months after submission of
application for permit
3 Preparation of Traditional and Development Budget early Activity
4 Preparation of Payment certificate for contractors One week after submission of
request
5 Inspection and submission of report to the RCC for[One week after receipt of letter from
lapproval for the organization of weddings at churches  [the RCC
6 lAcquiring road block permit for programmes Requests should be submitted one|
eek before event and permit
received in three days
7 Refuse container evacuation
House to House Collection Twice a week
Communal Collection IAs and when container gets filled up
8 Response to public queries \Within one (1) week of filing of]
complaint.
9 Issuance of birth certificate ITwo weeks
10 Issuance of Marriage Certificate
Marriage under Customary Law One day
Marriage under Ordinance 21 days after filing of notice
11 Issuance of Divorce certificate
Customary Marriage One Day
12 Issuance of Burial Permit Immediately: upon submission off
request
13 Issuance of death certificate Immediately: upon submission of
request
14 Issuance of food vendors health certificate One week on submission of
request
15 aiting time for clients transacting business orfNot more than 30 minutes




correspondence at the Assembly
16 Correspondence of all letters ITo be replied within four days of]

receipts

8.0. INFORMATION FLOW, TRANSPARENCY AND DECISION MAKING PROCESS.
Anotice board has been placed at the entrance of the Assembly premise to provide information to the

public about the activities of the Assembly.

The Assembly provides citizens and clients with information needed to access services

Information on revenue generation, project execution and others will be made available for public
consumption at the AssemblyA"A¢™s website. (www.kma.gov.gh)

Suggestion boxes have been provided at vantage points in the main office to solicit citizensA"A¢™
view on service delivery.

9.0. WE STRIVE FOR:

Continuous improvementin our service delivery to our clients and development partners.

The creation of an enabling environment for socio-economic development.

The empowerment of women and other wlnerable groups to participate in governance and
assemblyA"A¢™'s development agenda

The protection and promotion of public health and the prevention of diseases.

The provision of basic socio-economic infrastructure etc schools, Heath Centers, Markets, Lorry Park
The maintenance of peace and security

The development of sports and culture

The provision of information in an open and transparent manner

Creation of a conducive environment for Public Private Partnership (PPP) in our service delivery to
ensure efficiency and effectiveness

The completion of a comprehensive socio-economic data that will be accessible to the public.

10.0. COURTESY AND CO-OPERATION:

All office doors are labeled to facilitate easy identification

Establishment of a client service office to welcome clients to the Assembly.

Friendly client service officers will be on hand to provide various service

Assembly staff with clear identification are also available to provide information and other support
services

A well trained development control Task Force will visit various construction sites to ensure
adherence to building regulations.

Developers are entreated to produce valid development permits

Courteous Revenue Collectors will go round daily to collect various rates

Rate payers are entreated to pay approved sum and collect receipts covering amounts paid.

11.0. WHAT WE EXPECT FROM THE PUBLIC AND OUR CLIENTS

The Assembly expects full co-operation and compliance with its rules, regulations and procedures to
ensure smooth service delivery. To access any of the service we provide, we require the following:
That business should be duly registered with the Registrar GeneralA"A¢™'s Department

That business address and location including sheet names and numbers should be made
available.

The provision of registered indenture (land title certificate) and four (4) copies of architectural
drawings for the issuance of building development permits.

To obtain a death certificate, it is expected that a duly signed cause of death certificate/affidavit is
provided.

Participate in the various community level education programmes on sanitation, hygiene, revenue
collection and others.

Compliance with the bye-laws of the Assembly to ensure effective administration of the Metropolis.
Prompt payment of revenue (IGF) for effective and efficient service delivery.

Co-operation in the collection of up-to-date data for development purposes.

Co-operation in the mobilization of human, financial and material resources to support project
implementation.

Co-operation in ensuring a clean & healthy environment.

Report to the Assembly any misconduct or poor delivery of service by agents/Personnel of the
Assembly.

Courtesy and civility to our staff and demand appropriate service from them.

Assistin promoting Tourism and heritage site development

Clients are to provide the Assembly with reliable telephone numbers and address for easyresponse
to queries.

12.0. OTHER COLLABORATING AGENCIES

The Kumasi Metropolitan Assembly collaborates with the following departments, Agencies and
Institutions in achieving its goals and objectives;

The Ghana Armed Forces

The Ghana National Fire Service

Customs excise and Prevention Service

The Ghana Police Service



The Ghana Aids Commission.

The Ghana Water Company

Electricity Company

Land Valuation Board

Lands Commission

The Internal Revenue Service

The Value Added Tax Office

The Internal Audit Agency

13.0. COMPLAINTS

Kumasi Metropolitan Assembly welcomes comments, complaints, constructive criticism and
recommendations from the public, its valued clients and customers. Such issue should be
addressed to:

THE CHAIRMAN

PUBLIC COMPLAINTS COMMITTEE

KUMASI METROPOLITAN ASSEMBLY

KUMASI

In case a clientis still not satisfied; he/she may seek further assistance from
THE METROPOLITAN CHIEF EXECUTIVE

KUMASI METROPOLITAN ASSEMBLY

KUMASI

TEL: 051 26361A"A¢""5

OR:

THE METRO CO-ORDINATING DIRECTOR

KUMASI METROPOLITAN ASSEMBLY

KUMASI.

E- MAIL A"A¢™ www.kma.gov.gh

You may appeal to the address below as a final resort.
THE NEW CHARTER OFFICE

C/O OFFCE OF THE PRESIDENT

MINISTRY OF PUBLIC SECTOR REFORM

P M B STADUIM POST OFFICE

ACCRA.

TEL: 012 A"A¢"" 684086/671359/672333

FAX: 671358

To access our service, you can locate us at;

MAIN OFFICE

KUMASI METROPOLITAN ASSEMLY

HARPER ROAD (ADUM)

ADJACENT TO TOYOTA GHANA LIMITED AND OPPOSITE HARPER ROAD SHELL FILLING STATION
P.0.BOX1916

KUMASI

SUB METRO DISTRICT COUNCIL OFHCES

ASOKWA - (Off Asokwa A"A¢™ Anloga Junction Interchange)

03220-49652

SUBIN - (Opposite Vienna City, Ridge)

03220-24939

OFORIKROM (Opposite Asokore Rural Bank, Oforikrom Taxi Station)
03220-29469

MANHYIA - (Around Ashtown Court)

03220-29064

SUAME - (Behind Ghana commercial bank Jubilee House, Suame)

TAFO - (Off Tafo A"A¢™ Mampong Road near Tafo market)

03220-46179

NHYIAESO - (Near former Beauty Queen Restaurant)

03220-90192

KWADASO - (Near Rowlex Shoe Centre)

03220-53525

BANTAMA - (Inside Bantama Palace)

03220-38190

ASAWASE - (Inside Asawase Community Centre)

3) ENGINEERS DEPARTMENT Jubilee Park (Old JacksonA"A¢™s Park) 03220-24497
4) WASTE MANAGEMENT DEPT - OPPOSITE STC YARD, ADUM 03220-23991
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PROFILE OF HON. SAMUEL SARPONG

Born on 10th November, 1957 at Ejisu in the Ashanti Region, Hon. Samuel Sarpong hails from
Juabeng, one of the predominantly farming communities in Ashanti region. He is the 1st born of the
seven children born to Mr. and Mrs. Agnes Kwabena Mensah Sarpong, who were both classroom
teachers. He began his childhood education at the age of seven at Owabi L/A Primary School in
Ashanti before gaining admission into Osei Tutu Senior Secondary School in 1973. He obtained his
GCE O level Certificate in 1978 and upon completion he pursued a three year Teacher Training
education at Wesley College in Kumasi. Having been trained as a teacher, Hon. Samuel Sarpong
taught as a sports teacher at Juabeng Secondary School between 1981 and 1984.

He subsequently went further to work with the Serious Fraud Office, Kumasi and rose to become the
Zonal Head of SFO in Ashanti and Brong Ahafo Regions. As he performed his duties with diligence
and dedication he later became a panel member of the Ashanti Regional Investigative Committee
from 1985 to 1990 and subsequently became a chairman of that committee between 1990 and 1992.
As part of his ambition to fulfill his academic goals, Hon. Sarpong also decided to pursue a Diploma
course in criminology at Bulgaria from 1992 to 1996. This exposed him to wide range of issues
relating to investigations and the general knowledge in gathering information on criminal issues.
Coming from a modest family background where both of his presents were teachers, Hon. Sarpong
appears to have developed a strong zeal and commitment in climbing high to the academic ladder.
This saw the Mayor combining his work and classroom learning as he got enrolled into Ghana
Institute of Management and Public Administration (GIMPA) where he pursued a Masters Programme
in Leadership and Governance in 2007.

During his working career, Hon. Sarpong became a Security Co-ordinator of the National Sports
Council in Ashanti Region from 1997 to 2001. His appointment to this position became imperative in
view of the need to strengthen security network at the regions sports environment. Having gathered
enough experience coupled with his avowed interest in sporting activities, Hon. Sarpong became a
member and chairman of the Local Organizing Committee, a group that took charge of security for
the CAN 2000 cup of nations. Kumasi Stadium was adjuged the most friendly stadia in Africa in CAN
2008.

To add to both his academic and working experience, the Mayor took part in a course in Employee
Performance Appraisal in Accra in 1990 and in July 2000 he went to Ghana Institute of Management
and Public Administration for a seminar on project Monitoring, Evaluation and Sustainability.

During the year 2001 he undertook a special course on presentation skills by Crown Agent of the
United Kingdom at GIMPA. To make the Mayor more effective in handling issues relating to
democracy and governance, Hon. Sarpong participated in a ministerial course on Global Governance
in South Africa in 2008. Hon. Samuel Sarpong is currently married to Hannah Akua Achiaa with whom
they have five children, three boys and one girl.

Armed with these achievements in life, Mr. Sarpong's working life received a major boost when he
was handed down an appointment by the President, His Excellency Prof. John Evans Atta Mills as the
Chief Executive of the Kumasi Metropolitan Assembly.
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Achievements

ACHIEVEMENTS SUB METRO. COUNCILS Making sure that Sub-
Metro Offices are operational. This was done by ensuring the
appointment of Sub-Metro Chairmen to preside over meetings at
their respective offices at the sub-metro level. EDUCATION 1.

Awarding scholarship to one hundred needy but brilliant students in

the Metropolis. These students cone from different schools in the metropolis 2. readmore

Copyright © 2009 - 2011
Kumasi Metropolitan Assembly-KMA
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Application: Biowastes-To-Renewable Energy, Biofuels, Organic Foods, and Water
Independence Technology Provider — WaterSmart Environmental, Inc.

Company History:

Prior to 1981 | was employed by others as reflected in my
attached curriculum vitae. In 1981 our business was
launched in Minnesota under the name of Aquamotion,
Inc. to engage in the design, manufacture, and sale of
water and wastewater treatment equipment. The business
had 4 employees. In 1982 | went for a private placement
to raise growth capital as the prospects for growth were
substantial. This was during the time period when interest
rates were running at 20% plus and investors were far
more interested in certificates of deposit rather than in new
business startup companies. My effort to raise growth
capital completely failed and the legal expenses prevented
me from continuing operations.

In 1983 | started a new business in Arizona by the name of
AquaMart, Inc. to engage in the design, manufacture, and
sale of residential and commercial water purification
equipment. That effort also failed because the product
could not be sold at a high enough price to pay for
marketing expenses. The purification equipment was the
very best available and its manufacturing costs made it the
most expensive as well. The marketplace was, however,
mostly interested in the perception of high value with low
cost. About 30 such purification systems were sold and
installed prior to the company closing its doors.

In 1984 | took employment at Smith & Loveless, Inc., a
Lenexa, Kansas based manufacturer of wastewater
pumping and treatment equipment. This relationship
ended when | left S&L after one year to start another new
water and wastewater treatment equipment business by
the name of AquaTrend, Inc. In 1985 | sold a 51% equity
interest in AquaTrend to the manufacturing shop that was
fabricating my equipment. My motivation was to get on the
then payroll at $30K/year. In 1986 | was ousted from the
company thereby ending my existence on the payroll. This
company still exists today.

In 1986 | started a new company by the name of
Purification Industries, Inc. The company also operated
under the names of Purification Industries International
and Purification International, a Division of Purification
Industries, Inc. In 1997 the company was reincorporated
under the name of WaterSmart Environmental, Inc. to
expand its business to include for the first time the
providing of waste-to-energy technologies. The
company’s capabilities bulletin is attached (WSE
Publication No. 198). In 2005 the company increased its
capabilities to include the integration of waste-to-energy
technologies. The company’s waste-to-energy marketing

bulletin is attached (BWE Publication No. 100). In 1998 -
2000 sales reached $1.5 — 2.0 million/year with upwards of
15 employees. Then came 9/11 that resulted in a 2-3 year
thunderous blow to the water and wastewater treatment
industry. It went from a fragmented industry to an inactive
industry during this time period.

During the WaterSmart years | have spent over 30,000
uncompensated hours in the continuous study of wastes-
to-energy technologies as well as their associated
marketplace barriers. In 2006 | felt the business model
had been tweaked sufficiently to go international with the
technology. The last tweaking of the business model was
the incorporation of the sharing of routine profits with the
waste generators (municipalities and concentrated animal
feeding operations) on a 50:50 basis with the associated
belief that this feature would result in an accelerated
acceptance of the technology on a worldwide basis. It was
determined that the accelerated acceptance of the
technology would result in more profits at the end of each
year than those associated with slow marketplace
penetration. The sharing of profits was determined to be
absolutely necessary to overcome an established
marketplace barrier, i.e., slipping a cash filled envelope
under the mayor's door in the still of the night. The
marketing approach identified the sharing of profits were
intended to increase municipal employee pay and to help
fund routine municipal projects.

During the last three years the marketplace has gone from
lackluster to red hot respecting climate change. Today,
everyone knows about ethanol, biodiesel, carbon dioxide
emissions, and renewable energy. It's still a cloudy picture
in everyone's mind as very few people, including
engineers, regulatory agencies, politicians, and the
investment community know the true scientific relationship
between all these several concepts.

During the last three years | have concentrated on solving
existing climate change problems to be able to put the
company in the position of engaging the worldwide
marketplace with its solutions. As a result, our company
now has no actual competitor in the marketplace. Not
Cargill, not DuPont, not GE, not Koch Industries, not
Siemens, not nobody period. There is no remaining
barrier that can stop us from proceeding with project after
project throughout Latin America, South America, and
Central America. The technology will rapidly spread to the
United States, EU, and elsewhere. Project financing will
be easy to obtain because the several technologies that
are used are each successful in the marketplace and each
project IRR is estimated at greater than 50% (referred to



as optimal (referred to as optimal in each prefeasibility
study).

In the company’s Press Releases and its engineering
drawings | refer to the 100% internal recycling of
byproducts to achieve the production of worthwhile precast
concrete panels. | also intend to use these precast
concrete panels to produce another renewable energy
product called a Tidal Generator. Information on the tidal
generator is attached (WSE Publication No. 0313). Wind
energy has been achieving the most success to date in the
marketplace. About a year ago General Electric was
awarded a US$27 million contract by the National
Renewable Energy Laboratory to increase the megawatt
output of a wind turbine from around 3.5 MW to about 19
MW (see http://www.doe.gov/news/3309.htm). Our tidal
generator is a device that has an estimated output of 500
MW (26 times greater) at a marketplace price of about %2
that of an equivalent MW sized coal fired power plant.
This marketplace cost equates to about 25% that of the
GE contract. In other words we are way ahead of GE (and
all others) vis-a-vis the renewable energy marketplace.

In effect, we will now be working the renewable energy
marketplace with two such products, namely wastes-to-
renewable energy and tidal forces-to-renewable energy.
Since 70% of the world’'s population lives in coastal
habitats the tidal energy device can be considered as a
distributed energy device as well. By distributed energy is
meant close to its ultimate marketplace user area.

At this time | am the only employee of the company. Plans
are underway to hire about 60 people in the two months
following the funding of our first project. At the present
time we have three projects that are being considered for
project financing. The technology is a design, finance
build-own-operate wastes-to-renewable energy, organic
foods, biofuels, and water independence project. The
company has direct experience with the several
technologies that will be used in the waste-to-energy
program, namely:

Two Phase Anaerobic Digestion,

Reverse Osmosis Treatment,

Power Generation,

Potable Water Production

Municipal Solid Wastes Management
Organic Foods Production & Processing
Spirulina Microalgae Production & Processing

NogkrwbdrE

and therefore is fully capable internally to accomplish its
mission in the marketplace without reliance on other
companies. The two overriding objectives of the
technology is to eliminate the starvation of children in sub-
Saharan Africa & South Asia and the promotion of world
peace by developing economic prosperity for all.

From the Marketing Department of

WaterSmart

Environmental, Inc.

The standard business model features of the technology
are:

1. The free collection and subsequent
management of municipal solid wastes,

2. The free collection and subsequent
management of municipal sanitary wastewater,

3. The free collection and subsequent
management of municipal stormwaters,

4. The production and free distribution of
bottled water quality potable water to all
community users on a no cost to anyone
basis,

5. The production and sale of renewable
energy electricity at a price of US$0.045/kWh
regardless of time of day used or amount
consumed,

6. The production and sale of renewable
natural gas at US$4.80/1000 cubic feet,

7. The production and sale of biodiesel biofuel
at US$2.00/gallon, and

8. The 50:50 sharing of annual profits with the
communities served.

With Warm Regards, | am
Very truly yours,

WaterSmart Environmental, Inc.
Promoting World Peace through Economic Prosperity

hate=

C. G. Steiner
President and CEO

The Engineers, Chemists, and Scientists at WaterSmart
Environmental, Inc. welcome your inquiries with enthusi-
asm.

© 2008 WaterSmart Environmental, Inc.
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PROJECT KEY PROFESSIONAL STAFF

Curriculum Vitae

7030

Employee: C.G. (Chuck) Steiner, BS, JD
Education
St. John's University, Collegeville, Minnesota. B.S. Degree in Chemistry, 1959
Wm. Mitchell College of Law, St. Paul, Minnesota. J.D. Degree in Law, 1969
Publications
Steiner, C. G., "Take a New Look at the RBS Process, “Water & Wastes Eng., 41, (May, 1979)

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

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

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

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

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

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

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

Steiner, C. G., “Energy From Wastes”, Asia Water, (October, 1999).
Steiner, C. G., “Understanding Anaerobic Treatment”, Pollution Engineering, (February, 2000).
Steiner, C. G., “Biofuels For Energy Independence”, REFOCUS, (March/April, 2003).

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

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

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

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

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

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

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

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

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



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, Inc., a large regional independent testing
laboratory.

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

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

From the Human Resources Department of

WaterSmart

En Vironmen tal, Inc- © 1997-2007 WaterSmart Environmental, Inc.
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Capabilities

WaterSmart

Environmental, Inc.

Designers and Manufacturers of Control
Equipment for Water Purification Applications

Specialists in Water and
Wastewater Treatment

“WE FIND SOLUTIONS”




About the Company

WaterSmart Environmental, Inc (WSE) is a multi-product manufacturer of
water and wastewater treatment equipment. Its Energy & Power Man-
agement Division designs and provides energy management control sys-
tems. Both operate on a global basis. The company has recently intro-
duced an innovative waste-to-energy process that will permit municipali-
ties to dispose of far greater quantities of liquid and solid wastes while
producing significant quantities of biogas. The biogas can then be con-
verted to electrical energy or further purified and sold as pipeline quality
natural gas. Other special processes and products include producing po-
table water from polluted lakes and rivers, high performance oil/water
separators, laundry, car, and truck wastewater treatment and water reuse
recycling systems, silica cleaning machines for nuclear power plants, and
control systems providing 30% or higher energy reduction for large office
buildings, malls and hospitals.

The company has long made a practice of providing engineering literature
and technical data aimed as much towards general education in the fields
of water and wastewater treatment as specific marketing of our products.
This results in a customer that better understands the solutions being pro-
posed. The objective is to educate rather than obfuscate.

Mission Statement

Our steadfast mission is to design reliable, cost-effective, and simple-to-
operate water & wastewater treatment equipment; then to build that
equipment to perform as represented and as required for each and every
project. The company is unequivocally dedicated to provide the very best
treatment technology available with maximum benefit to its customers as
well as the environment.



800 GPM Combination Gravity Separator/DAF Separator in Seismic Zone 4
epoxy painted steel construction loaded for shipment to the Department of
Water and Power, City of Los Angeles, California.
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EXperience

he company was initially formed in Au-

gust of 1984 to manufacture water and

wastewater treatment equipment. Engi-

neering disciplines include chemical,
mechanical, electrical, instrumentation, and
controls.

In the last few years, WSE has expanded its
capabilities by building skid mounted aque-
ous waste treatment plants for EPA Super-
fund and PRP sites. In this context, the com-
pany performs treatability testing followed by
the design, manufacturing, assembly, and
finally the testing of the completed plant be-

|
Treatment Systems for:
Aerobic Digestion

Coagulation and Flocculation
Commercial Water Conditioning
Controls and Instrumentation
Dissolved Air Flotation

Hydrogen Sulfide, Carbon Dioxide, Meth-
ane, and Radon Gas Removals

é Iron & Manganese Removal

o & & & & o

300 GPM Complete Physical/
Chemical Treatment System
A 1990 EPA Superfund Project
at the Old Inger Site in Geismer,
Louisiana.

fore shipment. The company has also devel-
oped water recycling treatment systems for
laundromats, laundries, car wash facilities,
and maintenance plants. Lastly, combination
physical/chemical bioremediation plants have
been designed for fuel service stations and
EPA Superfund spill sites.

The engineers and scientists at WaterSmart
Environmental have many years of problem-
solving experience. If you have a treatment
need we may already have a solution.

Oil/Water/Solids Separation
Organics Removal

Potable Water Production
Process Water Treatment
Tannery Wastewater Treatment
Textile Mill Wastewater Treatment
Two-Phase Anaerobic Digestion
Specialty Applications

o & & & & & o o




Meatment Expertl'se o

Activated Carbon (A/C)
Adsorption Featuring:

Granular A/C Units

Liquid and Vapor Phase
Treatment

Powdered A/C Units

Aerators and Air Strip-
pers:

Aeration

Dissolved Gas Removal

Dissolved VOC Stripping

Biogas Generation From:

Agricultural Wastes

Animal Wastes

Industrial Aqueous Wastes

Municipal Wastewater Treat-
ment

Types O & 1 Solid Wastes

Chemical Feed Systems

Computerized Controls &
Instrumentation:

Local and Remote Monitor-
ing and Control

Complete Skid Mounted
Treatment Plants:
Car/Truck Wash
Industrial Pretreatment
Laundry Wastewater Treat-
ment/Recycle
Maintenance Wastewater
Treatment/Recycle
Metal Finishing Complete
Treatment
Potable Water Plants
Superfund Site Aqueous
Waste Treatment

lon Exchange Purification:
Demineralization

Nitrate Removals

Softening

80 GPM Factory Skid-Mounted
Complete Desalination Plant.

Membrane Treatment
Plants

Potable Water Plants

Selective lon Separation

Silica Removal at Nuclear
Power Plants

Multi-Media Filtration
Featuring:

Iron, Manganese, and Solids
Removal

Single and Multi-cell Gravity
Filters

Single and Multi-cell Pres-
sure Filters

CECeEeE
v @ s
Ll Ol Ol O C

Packaged Biological Treat-
ment Plants

Industrial Pretreatment

Leachate Treatment

Sanitary Wastes

Physical/Chemical Treat-
ment Plants

Potable Water

Process Water

Wastewater

Water Purifiers
Commercial
Residential




A custom built control panel for a
Skid Assembled Aqueous Waste
Treatment Plant.

Kpp‘lcatlon Engmeenng

Design Recommendations
Equipment Layout Drawings
Laboratory testing

Pilot plants

Treatability Studies

Equipment Manu?acturing

Controls & Instrumentation

Automatic control panels
Remote monitoring/control

Mum'cl'pa\ Tater Teament

Chemical feed systems

Complete instrumentation and controls
lon exchange softening

Iron and manganese removal

Sludge dewatering

Radioactivity removal

st Vet Treament

Aqueous waste treatment plants for toxic
waste sites (sold and leased)

Chemical feed systems
Complete instrumentation and controls
Fixed growth aerobic biological treatment

Fixed growth two-phase thermophilic anaero-
bic biological treatment

Inclined plate separators for oil/water separa-
tion, solids/liquid separation, and dis-
solved air flotation

Physical/chemical packaged treatment plants

Equipment Fabrication
Components Fabrication
Skid mounted systems
Quality Assurance Testing

Process Design

Physical/chemical
Aerobic
Anaerobic

Packaged sanitary wastewater treatment
plants

Large-size shop-built lamella plate separa-
tors

Large-size shop-built dual media gravity and
pressure filters

Skid assembled plants, prepiped, prewired,
and tested prior to shipment

Pretreatment plants to lower sewer sur-
charges

Process water packaged treatment plants

Powdered and granular activated carbon
treatment plants

Reverse osmosis membrane treatment sys-
tems

Skid assembled plants, prepiped, prewired,
and tested prior to shipment

Sludge dewatering



2roQUCts

Treatment Equipment Includes:

Aerators lon Exchangers

Air Strippers Liquid and Solid Waste-to-Energy Equipment
Batch Treatment Systems Media Filters

Chemical Feed Systems Packaged Biological Treatment Plants

Dissolved Air Flotation Equipment Packaged Physical/Chemical Treatment Plants
Electrical Controls and Instrumentation Reverse Osmosis Units
Gaseous Odor Control Equipment Skid Mounted and Assembled Treatment Systems
Granular Activated Carbon Contactors Sludge Digesters

Inclined Plate Separators Two-Stage Powdered Activated Carbon Treatment

o & & & & & o o o o
o & & & & & o o o o

Iron Removal Plants Vapor Phase Activated Carbon Adsorbers

Aq uaRound™ zero discharge wastewater treatment/water recycling plants. Features 100% water re-
cycling. Reduces purchased water costs up to 85%; eliminates sewer charges; allows environmentally safe, and
inexpensive sludge disposal.

éAquaRound II™ for laundromat
wastewater. 4 sizes available
from 7,000 to 100,000 gallons per
day capacity. WSE Publication
No. 1194

éAquaRound IlI™ for commer-
cial laundry wastewater. 7 sizes
are available from 15,000 to
250,000 gallons per day capacity.
WSE Publication No. 1294

éAquaRound IV™ for airplane,
bus, car, equipment, train, and
truck wash facilities. 7 sizes are
available from 10,000 to 100,000
gallons per day capacity. WSE
Publication No. 195

AquaRound II™



ContamAway™

High Performance Aqueous
Waste Treatment Plants De-
signed to remove free oils/fuels,
gross settable solids, fine sus-
pended solids, and mechanically
emulsified oils. Entirely enclosed
design eliminates all vapor emis-
sions making air monitoring unnec-
essary. All units are factory as-
sembled, prepiped, prewired, and
fully tested prior to shipment insur-
ing complete quality control and
greatly simplified site installation
and startup. Routine plant opera-
tion is automatic and failsafe. Stan-
dard maintenance is a simple two-
step process. ContamAways |, I,
and Il Plus products are available in
a size range of 5 to 100 GPM ca-
pacity models to match your waste-
water treatment needs.

é ContamAway I™ for runoff,
residuals and wastewaters that
are detergent free. WSE Publi-
cation No. 993

é ContamAway II™ additionally
treats decon water, detergent
based tank and equipment
washwaters, ground dewatering
liquids, and contaminated site
groundwater. WSE Publication
No. 894

é ContamAway Il Plus™ allows
the user to recycle the treated
water. WSE Publication No.
994

é ContamAway Il Plus™ Mini
Series All the features of the
regular ContamAway Il Plus™
but in a compact (5 GPM), ex-
tremely space-efficient and
economical design. WSE Pub-
lication No. 196

RipTide™

Pulse Blender/Static Mixer The
RipTide™ makes use of hydraulic
shear rather than mixer hardware
elements to blend coagulants and
flocculants with water. The prod-
uct’s design prevents plugging, im-
proves mixing action, and reduces
pressure drop. It can be used in
either a vertical or horizontal posi-
tion and easily accommodates all
treatment chemicals and feeder
devices. WSE Publication No. 498

P me S

Two side-by-side 15 GPM ContamAway II™ plants built for the 1993

Airport Clean-Up project at Andrews AFB in Maryland.

FilterFresh™

Potable Water Production Plant
Compact, skid-mounted package
plants designed to produce pota-
ble water from brackish and pol-
luted lakes and rivers. Small but
powerful, FilterFresh plants get
their punch from the OPCT™
Process—our revolutionary new
physical/chemical treatment proc-
ess. WSE Publication No. 1195

Mob-to-Demob™

Small Flow, Multi-purpose, Fac-
tory Packaged Aqueous Waste
Treatment Plants. Features the
capabilities and technology of the
ContamAway Il Plus™ unit with an
additional sump and high pressure
spray system for use in decon-
tamination activities. Available in
5, 15, and 25 GPM models. WSE
Publication No. 1094

DeOiler™

Coalescing Filter Cartridge The
Deoiler™ is designed to remove
oily contaminants from air com-
pressor condensates. It also has
the ability to accept condensates
from receiver tanks, intercoolers,
aftercoolers, dryers, filters, drip
legs--anywhere the oily contami-
nated water is under pressure.
WSE Publication No. 794

RainDrain™

Perimeter Trench Dual Media
Filtration System and
RainDrain Plus™ with

Phosphorus Removal.

A combination sedimentation/dual
media filter for treating stormwater
runoff. Designed to remove free
oils and sediments to 10 microns
in size plus reduce dissolved or-
ganics and heavy metals. WSE
Publication No. 2195 Rain-Drain™
or No. 298 (RainDrain Plus™)

SkimAway ™
Adjustable Floating Oil Skim-
mer designed to gravity transfer
free oil from one vessel to an-
other. Its oil weir may be adjusted
to oils of different specific gravities
in order to achieve optimum per-
formance. Six sizes are available
from one inch to eight inch diame-
ter discharge piping. WSE Publi-
cation No. 296

UltraPaq™

Packaged Wastewater Treat-
ment Plants. Features complete
on-site treatment and sludge dis-
posal for sanitary wastewaters.
Quiet, automatic, odorless opera-
tion and compact size make it
ideal for a wide range of applica-
tions. WSE Publication No. 1695



AquaRound IlI™  Skid mounted
treatment plants such as the
AquaRound are entirely factory-
built. Al piping, wiring, and con-
trols are completed and thor-
oughly tested prior to shipment. A
plant can be installed and in op-
eration within hours of arriving on
site.

ADFT™

Airport Deicing Fluid Treatment
and Recovery System Effec-
tively removes all types of deicing
fluids from stormwater and allows
the deicing fluid to be recycled.
The treated water may then be
safely discharged to the environ-
ment. The system operates year-
round as an oil/water/solids sepa-
rator. The deicing fluid treatment
subsystem is used only during the
winter season. WSE Publication
No. 295

PuriQuad™

Packaged Physical/Chemical
Treatment Plant. The versatile
PuriQuad can be used for process
and potable water production or
wastewater treatment. The four-
step process—mixing, floccula-
tion, clarification, and filtration—
uses cutting-edge technologies to
pare plant size and costs to the
minimum without sacrificing re-
sults. In addition, all treatment
modes are carried out under sys-
tem pressure, making plant opera-
tion and maintenance simple and
easy. Available in ten capacities
from 100 to 1,200 GPM. WSE
Publication No. 598

EXPRESS ™—EXPedited
REmediation Site Strategy

Simultaineous Ground and
Groundwater Remediation. To-
tal site remediation time is re-
duced from as much as twenty
years to two years or less. This
order-of-magnitude improvement
is made possible by a continuous
flushing of the contaminated soil
at the same time aquifer cleaning
is taking place. The Express™
Process recirculates the treated
aquifer extract which is then used
to leach additional contaminants
from the soil. While soil scrubbing
is occurring biological reduction of
the contaminates is also achieved.
All of these reactions combine to
rapidly clean both the tainted soil
as well as the contaminated plume
beneath. Removal of the soil is

generally unnecessary as leaching
is done in-situ. WSE Publication
No. 1495

PuriSep™

Differential Gravity Inclined
Plate Separator The PuriSep™
features the use of fiberglass in-
clined corrugated coalescing
plates. These plates enhance the
coalescence of particles and their
subsequent separation from the
flow stream. The cross flow hy-
draulic path achieves equal effi-
ciency in removing discrete parti-
cles with either rise or settling
rates without favoring one type
over the other. This unique sepa-
ration ability makes the PuriSep™
an ideal choice to treat raw water
containing both scum and sludge
particles.

The PuriSep™ may be used as a
solids separator or as an oil/water
separator. It may be used as a
secondary clarifier for fixed growth
biological treatment plants. They
may also be used to dramatically
increase the capacity and per-
formance of existing clarifiers and
API basins, and may be used with
dissolved air flotation and floccula-
tion treatment. No other separator
system is as versatile as the Pur-
iSep™. Single vessel capacities
to 8,000 GPM are available and
shipped completely shop-built.
WSE Publication No. 395

SkimAway™ Floating Oil Skimmer
Model 101-B with 2-inch diameter
discharge piping.



Introducing a breakthrough in physical/chemical treatment.

OPCT™ Process

(Patent Pending)

Optimized Physical/Chemical Treatment
Cost Effective and Process Simple

For Treatment of Potable and Process Waters é Landfill Leachates and
Contaminated Groundwater é Hydroblast Waters é Contaminated Stormwa-

RipTide™ Static Mixer, Typ.

Influent =
‘ Effluent

./

Filter Aid Coagulant Flocculant Bag Filter or Filter Press

Simplified Flow Schematic

Contaminants Removed

Alkalinity ¢ Heavy Metals
Dissolved Organics ¢ Iron and Manganese
Emulsified Qils ¢ Suspended Solids
Hardness ¢ Turbidity

The OPCT™ Process Replaces
Clarifiers » Plate Separators ¢ Flash Mix and Flocculation
Tanks ¢ Air Strippers * Media Filters and Associated Back-
wash Equipment ¢ Sludge Thickeners

Request WSE Publication No. 995




WaterSmart unveils the future of waste-to-energy technology

OAT ™ Process

U.S. Patent No. 5,630,942

Optimized Anaerobic Treatment
featuring

Automated Process Controls and Operation

For treatment of high or low strength Organic Wastewaters with the
potential to convert the produced biogas to energy.

Treatable Wastes Include: Who Can Profit?

Breweries And Distilleries
Chemical Manufacturers
Ethanol Producers

Food & Dairy Processors
Gluten Plants

Landfills

Livestock Feed Lots
Municipalities

Paper And Pulp Mills
Pharmaceutical Plants
Sugar Factories

Agricultural Wastes: Cornhusks,
Grain Hulls, Stalks, etc.
Animal Wastes: Cattle, Sheep,
Pigs, Poultry, etc.

Cardboard

Landfill Leachate

Organic Chemicals

Sanitary Wastewater

Sawdust

Sewage Sludge

Waste Paper

o & & & & & & & & o o

Make Your Wastewater Treatment Pay For Itself!
Complete Retrofit Designs Available

Produced biogas can be é converted to electrical energy é used as fuel
for natural gas powered vehicles, equipment, heavy machinery, boilers,
HVAC ¢ further purified and sold as pipeline quality natural gas.

Request WSE Publication No. 1895
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Services

I

Engineering

¢ Application Engineer-
ing

¢ Budget Pricing

¢ Design Recommen-
dations

Senior Drafter using AutoCAD®
software to create a new project
drawing.

AutoCAD is a registered trademark of
Autodesk, Inc.

Seminars

é Aerobic Treatment
é Anaerobic Treatment

¢ Oil/Water/Solids
Separation

¢ Physical/Chemical
Treatment

¢ Simultaneous Ground
and Groundwater
Remediation

¢ Waste-to-Energy

¢ Energy Audits nance Manuals
¢ Engineering Design ¢ Remote Plant Moni-
¢ Equipment Layout toring
Drawings ¢ Specification Prepara-
¢ Operation & Mainte- tion

¢ Operator Training Plant Start-Up
¢ Pilot Plant Testing ¢ Technical Assistance
¢ Project SiteTrouble During Plant Installa-

Shooting and Repair tion



Laboratory

Analytical and Treatability Tests include:

¢ Biochemical Oxygen ¢ Alkalinity
Demand ¢ Conductivity

¢ Chemical Oxygen ¢ Heavy Metals
Demand ¢ Jar Tests

Education

WSE offers variety of technical publications to assist consulting engineers, con-
tractors, researchers, teachers, and end-users. To request these or any of our
many other publications please refer to the inside back cover.

¢

A Historical Review of Oil/Water
Separator Designs (No. 394)

Advanced Aqueous Waste Treat-
ment Concepts (No. 693)

Cost-Effective Energy Savings (No.

1595)

Particle/Liquid Separation Design
Manual and Tutorial (No. 796)

Equipment Maintenance Wastewa-
ter Treatment (No. 194)

¢

Laboratory Technician performing
analytical testing.

o

pH

Suspended Solids
Total Dissolved Solids
Total Solids

o & o o

Selecting an Energy Management
System and Contractor (No. 1795)

Silica Contamination Removal at
Nuclear PWR Plants (No. 380)
Simultaneous Ground and Ground
Water Remediation (No. 1495)
The Removal of PCBs from Aque-
ous Waste Streams (No. 593)

The Rotating Biological Surface
Process (No. 595)
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Typical Installations

ContamAway™ Specialized Oil/Water Separators

ContamAway I™

Six 25 GPM Plants Model CA1-25

Owner: Mountain Home AFB,
Idaho

Engineer:  WaterSmart Environ-
mental, Inc.

Installation Date: 1993

15 GPM Plant Model CA1-15

Owner: PRP Refinery Site

Contractor: Sevenson Environ-
mental Services

Engineer:  WaterSmart Environ-
mental, Inc.

Installation Date: 1992

ContamAway II™

Two 15 GPM Plants Model CA2-
15

Owner: Andrews AFB, Maryland

Contractor:
vices

Rust Remedial Ser-

Engineer: Halliburton NUS
Installation Date: 1993

25 GPM Plant Model CA2-25

Owner: Edwards AFB, California

Contractor: Valenzuela Eng., Inc.

Engineer: U.S. Army Corps of
Engineers

Installation Date: 1994

25 GPM Model CA2-25

Owner: Edwards AFB, California

Contractor: Chapman Mechanical

Engineer: U.S. Army Corps of
Engineers

Installation Date: 1994

25 GPM Model CA2-25

Owner: Edwards AFB, California

Contractor: Valenzuela Eng., Inc.

Engineer: U.S. Army Corps of
Engineers

Installation Date: 1995

T T

Four 50 GPM Model CA2-50

Owner: Edwards AFB, California

Contractor: Aman Environmental

Engineer: U.S. Army Corps of
Engineers

Installation Date: 1995

15 GPM Plant Model CA2-15

Owner: Edwards AFB, California

Contractor: HPS Plumbing Ser-
vices, Inc.

Installation Date: 1996

25 GPM Plant Model CA2-25
Owner: Naval Construction Bat-
talion Center, Gulfport, MS
Contractor: Sumrall’'s Construc-

tion Company, Inc.
Installation Date: 1996

15 GPM Plant Model CA2-15

Owner: Naval Air Station, Jack-
sonville, FL

Contractor:  Universal Technical
Resource Services, Inc..

Installation Date: 1998

ContamAway Il Plus™

15 GPM Model CA2P-15

Location: North Rescue Station,
Charleston, SC

Contractor: Hill Construction Cor-
poration

Engineer: US Navy

Installation Date: 1995

Skid Mounted 40,000-GPD Aqua-

- Round IV™ Truckwash Treatment

And Water Recycling System With
“Spot Free” Final Rinse.



Part of a sophisticated Reverse
Osmosis Treatment System for
removing dissolved silica from
spent fuel pools and refueling wa-
ter storage tanks at Farley Nuclear
Plant. For more information on
this type of application request
WSE Publication No. 380.

AquaRound™ Waste-
water Treatment & Recycle

AquaRound II™ Model AR2-520

(Laundromat Treatment & Re-
cycle)

Owner: Hess Laundry

Engineer: WaterSmart Environ-
mental, Inc.

Installation Date: 1989

AquaRound IV™ Model AR4-30

(Car/Truck Wash Treatment and
Recycle)

Owner: Hannaford Bros. Co.

Engineers:  Clough, Harbour &
Associates and St. Onge, Ruff
& Associates, Inc.

Installation Date: 1994

Mob-to-Demob™

25 GPM Model MTD-25 Physical/
Chemical Treatment

Project Name: Glen Ridge Ra-
dium Sites, Montclair/West
Orange & Montclair, NJ

Contractor:  Sevenson Environ-
mental Services

Engineer: WaterSmart Environ-
mental, Inc.

Installation/Use Date: 1992

15 GPM Mob-to-Demob™ Model
MTD-15 Spray Wash Treat-
ment & Reuse System

Owner: Sevenson Environmental
Services

Application PRP Site

Engineer: WaterSmart Environ-
mental, Inc.

Installation Date: 1992

15 GPM Mob-to-Demob™ Model
MT-15 Spray Wash Treat-
ment & Reuse System

Owner: Sevenson Environmental
Services

Application: API Separator Basin
Decommissioning

Engineer: WaterSmart Environ-
mental, Inc.
Installation Date: 1992

15 GPM Mob-to-Demob™ Model
MTD-15 Spray Wash Treat-
ment & Reuse System

Owner: Edwards AFB, California

Contractor: Valenzuela Eng., Inc.

Engineer: U.S. Army Corps of
Engineers

Installation Date: 1995

UltraPaq™ Packaged Bio-
logical Treatment Plants

15,000 GPD UltraPaq

Owner: Glenwood Village Mobile
Park,

Warrenton, Oregon

Engineer: Handforth and Larson

Installation Date: 1987

10,000 GPD UltraPaq

Owner:  Midway Mobile Home
Park, Astoria, Oregon

Engineer: WaterSmart Environ-
mental, Inc.

Installation Date: 1988
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Separators

650 GPM Combination Corru-
Floc™ Flocculator/DAF
Separator;

Owner: U.S. Navy, Fleet Training
Center, Norfolk, Virginia;
Engineer: Lockwood Greene En-

gineers, Inc.

Installation Date: 1982

150 GPM Combination Separa-
tor/DAF Separator

Owner: Mid-America Lamb Proc-
essing, Inc., Paulina, lowa

Engineer: WaterSmart Environ-
mental, Inc.

Installation Date: 1981

335 GPM Solids Separator

Owner: Pine Bluff Arsenal, Pine
Bluff, Arkansas

Engineer:  Arsenal Plant Engi-
neering Department

Installation Date: 1983

600 GPM Oil/Water Separator

Owners: 3M Company, St. Paul,
Minnesota

Engineer: 3M Engineering

Installation Date: 1986

Two 150 GPM Stormwater Sepa-
rators and one 3,000 GPM
Stormwater Separator

Owner: Ft. Lewis, Washington

Engineer: The Benham Group

Installation Date: 1987

675 GPM Stormwater Separator

Owner: Ft. Lewis, Washington
Engineer: HNTB
Installation Date: 1987

Ten Stormwater Separators

from 600 to 1,400 GPM

Owner: The Boeing Company,
Seattle, Washington

Engineer: Boeing Engineering
Department

Installation Date: 1987

150 GPM Solids Separator for
Metal Hydroxides

Purchaser: Canonie Environ-
mental Services Corp., Clare-
mont, CA

Engineer: Canonie Environmental
Services Corp.

Installation Date: 1987

800 GPM Combination Separa-
tor/DAF Separator

Owner: City of Los Angeles, Dept.
of Power and Light

Engineer: Department of Power
and Light

Installation Date: 1988

Two 100 GPM Oil/Water Separa-
tors

Owner: U.S. Naval Air Station,
Lemoore, CA

Engineer: LSA, Inc.

Installation Date: 1988

Two 2,500 GPM QOil/Water Sepa-
rators

Owner: U.S. Government/Adak,
Alaska

Engineer: U.S. Army Corps of
Engineers

Installation Date: 1989

550 GPM Oil/Water Separator

Owner: U.S. Government, Big
Hill, Texas

Engineer: Walk-Haydel & Associ-
ates

Installation Date: 1989

1,500 GPM Oil/Water Separator

Owner: Boeing Company, Seat-
tle, Washington

Engineer: Boeing Company

Installation Date: 1989

2,000 GPM Oil/Water Separator
Owner: City of Honolulu, Hawaii
Engineer: Kramer, Chin & Mayo
Installation Date: 1990

Two 15 GPM Oil/Water Separa-
tors

Owner: Ft. Lewis, Washington

Engineer: U.S. Army Corps of
Engineers

Installation Date: 1989

150 GPM OQil/Solids/Water Sepa-
rator

Owner: King Command Meats,
Seattle, Washington

Installation Date: 1990

200 GPM QOil/Water Separator

Owner: Whitbey Island Naval Air
Station, Pacific Ocean

Installation Date: 1990

1,500 GPM Oil/Solids/Water
Separator

Owner: Seattle City Light, Seattle,
Washington

Installation Date: 1991

Two 80 GPM Solids/Liquid
Separators

Oil/Water Separator Modules for the
Naval Air Station in Adak, Alaska.
At the time of installation these were
the largest inclined plate separators
in the world.



PPG

Owner:
Charles, Louisiana
Installation Date: 1992

Industries, Lake

2,000 GPM Oil/Solids/Water
Separator

Owner: Manchester Airport, New
Hampshire

Engineer: Hoyle, Tanner & Asso-
ciates

Installation Date: 1993

1,700 GPM OQil/Solids/Water
Separator

Owner: U.S. Navy Refuel Station,
North Carolina

Engineer: Robert and Company

Installation Date: 1993

2,200 GPM Oil/Solids/Water
Separator

Owner: Brazos Electric Power
Cooperative, Texas

Engineer: Tippett and Gee

Installation Date: 1993

300 GPM PuriSep™ Oil/Water
Separator
Owner: Naval
Washinton
Contractor: PIPE, Inc.
Installation Date: 1995

Station Everett,

50 GPM PuriSep™
Separator
Owner: US Army Reserve Center,
Birmingham, Alabama
Contractor: EB Construction Corp.
Installation Date: 1995

Oil/Water

400 GPM PuriSep™ Oil/Water
Separator

Owner: Puget Sound Naval Ship-
yard, Bremerton, WA

Contractor: Fletcher Wright Const.

Installation Date: 1995

200 GPM PuriSep™ Oil/Water
Separator

Owner: Naval Air Weapons Sta-
tion, China Lake, CA

Contractor: HPS Plumbing Ser-
vices, Inc.

Installation Date: 1995

2,500 GPM PuriSep™ Oil/Water
Separator

Owner: Defense Fuel Support
Point, Charleston, SC

Contractor: Robert O. Collins Co.

Installation Date: 1996

120 GPM PuriSep™ Oil/Water
Separator

Owner: Nellis AFB, Nevada
Contractor: Dames and Moore,
Inc.

Installation Date: 1997

Two 275 GPM PuriSep™ Oil/
Water Separators

Owner: US Navy, Ceiba, Puerto
Rico

Contractor: Industrial Mechanical
Corporation

Installation Date: 1997

15,000 GPD UltraPaqg™ Packaged
Biological Treatment Plant at a
Warrenton, Oregon mobil home
park. This was the first known
treatment plant ever to use a fixed
growth aerobic digester incorpo-
rating biological oxidation of
sludge to extinction. As a result,
no sludge disposal has been nec-
essary—even after 10 years of
continuous operation!

Industrial Treatment
Systems

120 GPM Hydroxide Treatment
System

Owner: Titus Products Division,
Philips Industries,

Ponca City, OK

Engineer:  WaterSmart Environ-
mental, Inc.

Installation Date: 1987

400 GPM Complex Oil/Water/
Solids Separation Package
Plant

Owner: Yukong, Ltd., Korea

Engineer: Lummus Crest, Inc.

Installation Date: 1988

150 GPM Pilot Separator Plant

Owner: BASF - Chemicals Divi-
sion

Engineer: WaterSmart Environ-
mental, Inc.

Installation Date: 1989

15 GPM PVA Latex Treatment
Plant

Owner: Borg Textile Corporation

Engineer: WaterSmart Environ-
mental, Inc.

OPCT™ Process

150 GPM Physical/chemical
treatment to remove dis-
solved organics, aluminum,
and ammonia nitrogen.

Owner: (confidential) Marietta,
Ohio

Contractor: Four Seasons Envi-
ronmental

Engineer: WaterSmart Environ-
mental, Inc.

Installation Date: 1996

15
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Potable Water Plants

900 GPM Iron Filter with Chemi-
cal Feed, Instrumentation,
and Controls

Owner: Scotts Valley County Wa-
ter District, Scotts Valley, CA

Engineer: George S. Nolte & As-
sociates

Installation Date: 1982

Reverse Osmosis/
Ultrafiltration

Silica Removal/Boron Reclama-
tion Treatment

Owner: Farley Nuclear Plant

Engineer: WaterSmart Environ-
mental, Inc.

Outage Date: 1992

EPA Superfund
Projects

160 GPM Complete Physical/
Chemical Treatment System
Completely Shop Built and As-
sembled
Project Name: Metaltec/
Aerosystems Site
Contractor: Sevenson Environ-
mental Services
Engineer: Camp Dresser &
McKee, Inc.
Major Equipment:
Two Physical/Chemical Puri-
Quad™ Plants
One Air Stripper
Two Activated Carbon Con-
tactors
Chemical Feeders
Controls
Installation Date: 1988

100 GPM Physical/Chemical
Treatment System
Completely Shop Built and As-
sembled
Project Name: Rhinehart Tire Fire
Contractor: OHM Corporation
Engineer: U.S. Army Corps of
Engineers
Major Equipment:
One Physical/Chemical Puri-
Quad™ Plant

Two Activated Carbon Con-
tactors
Chemical Feeders
Controls
Installation Date: 1990

300 GPM Physical/Chemical
Treatment System
Completely Shop Built and As-
sembled
Project Name: Old Inger Site
Contractor: Westinghouse
Engineer: |.T. Corporation
Major Equipment:
One Physical/Chemical Puri-
Quad™ Plant
Two Activated Carbon Con-
tactors
Chemical Feeders
Controls
Installation Date: 1990

50 GPM Physical/Chemical
Treatment System
Completely Shop Built and As-
sembled
Project Name: Bayou Bonfouca
Contractor: ENRAC Division,
Chemical Waste Mgmt.
Engineer: CH2M Hill
Major Equipment:
Two Physical/Chemical Puri-
Quad™ Plants
Two Activated Carbon Con-
tactors
Controls
Installation Date: 1990

100 GPM Physical/Chemical
Treatment System

Existing Plant Modification

Project Name: Love Canal

Contractor: Sevenson Environ-
mental Services

Engineer: WaterSmart Environ-
mental, Inc.

Major Equipment:
Physical/Chemical PuriQuad™
Plant
Chemical Feeders

Installation Date: 1989

50 GPM Physical/Chemical/
Biological Treatment Sys-
tem -

Completely Shop Built

Project Name: Syncon Resins
Site

Contractor: OHM Corporation

Engineer: Ebasco Services, Inc.

Major Equipment:
Physical/Chemical Plant
Oil/Water Separator
Two-Stage Air Stripping
Vapor Phase GAC Air Treat-
ment
Multi-Media Filtration
Filter Press Dewatering
Computer Monitored PLC
Control System

Multi-stage Aqueous Phase GAC
Liquid

Treatment

PRP Projects

50 GPM Physical/Chemical
Treatment System
Existing Plant Modification
Project Name: Confidential
Contractor: Sevenson Environ-
mental Services
Major Equipment:
One Physical/Chemical Puri-
Quad™ Plant
Granular Activated Carbon
Contactors
Installation Date: 1990

150 GPM Trailer Mounted lon
Exchange Treatment Sys-
tem to Remove Radioactiv-
ity From Stormwater Dis-
charge

Project Name: Department of En-
ergy, Feed Materials Produc-
tion Center, Hamilton County,
Fernald, Ohio

Contractor: The Rust Engineering
Company

Engineer: The Ralph M. Parsons
Company

Major Equipment:
lon Exchangers
Transfer Pumps
Controls and Instrumentation
Mobile Trailer

Installation Date: 1991 (Project
terminated for convenience by
DOE after completion of engi-
neering.)
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ContamAway Il Plus™ Mini
Series

Capabilities Bulletin
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Stormwater Runoff and Wash-
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Airport Deicing Fluid Treat-
ment and Recovery System

SkimAway™ Floating Oil
Skimmer

RainDrain Plus™ Perimeter
Trench Dual Media Filtration
System + Phosphorus Re-
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from Spent Fuel Pools and
Refueling Water Storage
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Generation Plants
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Water Separator Designs
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Wrecking/Salvage Yards
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webpage. We look forward to helping you find cost-effective and practical
answers to your water and wastewater treatment requirements.
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Process

PuriQuad™ Physical/Chemical
Treatment Plant

Advanced Aqueous Waste
Treatment Concepts

OrganoSorb ™

The Biological Approach To
The Rotating Disc Process

Quality Assurance Program
Plan

DeOiler™ Coalescing Filter
Cartridge

Design Manual and Tutorial

ContamAway Il Plus™ Aque-
ous Waste Treatment and
Water Recycling System

Plate Separation - Budding
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Wastewater Treatment

ContamAway I™ High Per-
formance Agqueous Waste
Treatment System
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formance Agqueous Waste
Treatment System
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Schedule of Typical Perform-
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ABT™ - Aerobic Biological
Treatment Process
Mob-to-Demob™ High Per-
formance Aqueous Waste
Treatment System
AquaRound II™ Laundromat
Wastewater Treatment and
Water Recycling System
FilterFresh™ Potable Water
Production Plant
ContamAway Il Plus™ Mini
Series with Spot Free Rinse
AquaRound IlI™ Laundry
Wastewater Treatment and
Water Recycling System
EXPRESS™ Simultaneous
Ground and Groundwater
Remediation

Cost-Effective Energy Savings

UltraPaq™ Packaged Waste-
water Treatment Plants

Selecting an Energy Manage-
ment System and Contractor

OAT™ - Optimized Anaerobic
Treatment Process
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Dual Media Filtration System
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Converting BioWastes Into
Green Energy Through
Anaerobic Digestion




About the Company

BioWastEnergy is able to convert municipal solid wastes and animal
manure biowastes into energy through anaerobic digestion technology.
Anaerobic digestion generates methane gas which is a near equivalent
to natural gas. Methane gas can be used as a primary fuel for heating
and cooling. This gas can also be used to power a generator to pro-
duce green power electricity. Other co-products simultaneously pro-
duced consist of carbon dioxide gas, organic fertilizer, liquid fertilizer
concentrate, and reverse osmosis permeate water, all of which are
valuable commodities in the marketplace. The technology can make a
farmer or municipality energy and water independent while completely
eliminating both lagoons and landfills. All nutrients are always captured
thereby preventing their uncontrolled harmful release to the environ-
ment. This fantastic technology is being marketed on a build-own-
operate basis which eliminates capital costs to the waste generator.

Mission Statement

Our steadfast passion is to eliminate biowastes while generating re-
newable and sustainable green energy and other valuable co-products
thus eliminating the potential for air, water, and solids pollution. We are
dedicated to the management of biowastes as a valuable resource
rather than a monumental and growing burden on society.



Converting Wastes-To-Energy

Is not new! There exist over 50
energy plants in North America that
incinerate municipal solid wastes (MSW)
in order to produce steam. The steam in
turn is beneficially used to drive a turbine
to generate electricity. The ever present
moisture content in the MSW significantly
reduces the efficiency of incineration
technology by artificially lowering its Btu
content. The incineration method in
achieving wastes-to-energy is known as
a dry technology. Because of the high
moisture content of MSW this technology
is but barely profitable to its owners.

Landfill gas-to-energy is not new
as over 100 sanitary landfills in North
America are now using landfill gas
(similar to digester biogas) to generate
electricity. Landfills produce gas in a
manner similar to digesters. Landfills are
well known to be highly inefficient
generators of biogas.

Municipal digester gas-to-energy

is not new as there are over 100
existing municipal treatment plants in
North America that are now using
digester biogas to generate electricity.
Digester gas is capable of providing
between 1/3 to 1/2 the treatment plant’s
electricity requirements.

The OAT™ process of anaerobic

digestion is new. The Optimized
Anaerobic Treatment process is capable
of producing significant excess energy
because it is a wet process which
produces valuable co-products from
each and every feedstock.

Did you know that bacteria can
change the vast majority of both liquid

and solid wastes into methane gas?
Methane gas is currently being used
worldwide as a fuel for heating homes
and industrial boilers as well as running
transportation equipment. It can also be
converted into electricity. In reality,
human, animal, and agricultural wastes
represent renewable and sustainable
energy sources. The production of
useful energy from these wastes
represents a preferred environmental
solution and an intelligent use of
modern technology.

The specialized bacteria that
convert wastes into energy are always
used in the OAT™ process of Anaerobic
Treatment. Generating fuels and energy
is responsible management of wastes. It
is also extremely beneficial as upwards
of 15% of the energy usage of a
community can be generated from its
own wastes. Industrial wastes can
easily increase the energy potential to
100%.

In addition to the above economic
benefits, the associated environmental
impact is extremely beneficial because:

e Waste volumes are reduced,

e Waste disposal creates usable
energy,

e Waste disposal actually pays for
itself with a positive return on
investment,

e This type of waste disposal helps
preserve the environment for our
children, and

e Wastes represent a renewable
energy source because they are a
natural byproduct of human and
animal life.



The OAT" Process In General

The following brief introduction to the
OAT" process of anaerobic treatment
will enable engineers and consultants to
learn more about this very special waste-
to-energy technology.

The OAT" process is cutting edge
technology. U.S. Patent No. 5,630,942
was recently awarded to the process. It
is now being introduced to several
countries.

Liquid wastes that can be treated
include both municipal wastewater and
industrial wastewaters such as chemical
production, distilleries, fish & food
processing plants, landfill leachates,
paper & pulp mills, and pharmaceutical
wastes. Solid wastes can be mixed into
the liquid wastes and also treated.
These wastes can include cardboard,
sawdust, ocean kelp & seaweed, animal
manure, and agricultural wastes such as
rice hulls, grain stalks/stems/husks, and
silage.

New OAT" process plants can be built
for the above applications. It may also
be possible to upgrade existin%
anaerobic treatment plants to the OAT
process. If so, the digester upgrade
could easily exhibit a tenfold increase in
biowaste loading.

The opportunity to convert wastes into
energy is quite real. This splendid
environmental solution to the effective
management of both liquid and solid
wastes deserves serious consideration in
your waste management planning.

Technical Aspects of the OAT™
Process
The OAT" Process is the one and only
anaerobic treatment process that utilizes:
e Thermophilic Bacteria
e Attached Growth Bacteria
e Two-Phase Digestion

Staged Treatment

Flow recirculation

Nutrient Feed

Computerized Process Controls

Thermophilic Bacteria

Bacteria occur in three main species,
spherical (cocci), rod-shaped (bacilli),
and spiral (spirilla). Their actual shapes
are frequently referred to as spherical,
cylindrical, and helical. They vary widely
in size from 0.5 to 15 microns.

There are three temperature groups of
bacteria in nature, namely cold, medium,
and hot. The cold temperature (about
15°C) group is named Cryophilic or
Psychrophilic bacteria. This group has
but little significance in wastewater
treatment, as their metabolic rates are
very slow. The medium temperature
(about 38°C) group is named Mesophilic
bacteria. Mesophilic bacteria are used in
perhaps 95% of all digesters in current
use worldwide with the remainder using
lower and less efficient temperatures.
Thermophilic bacteria (about 60°C) are
just recently being considered, as their
metabolic rates are extremely attractive.
The metabolic rates of reaction of all
microorganisms directly increase with
increasing temperature, approximately
doubling with each 10°C rise in
temperature. Thermophilic bacteria
therefore exhibit over four (4) times
the reaction rates of Mesophilic
bacteria.

Attached Growth Bacteria

Bacteria can accomplish beneficial
wastewater treatment in either of two
ways. If they are randomly suspended in
a liquid they are referred to as
suspended growth bacteria. If they are
attached to a fixed surface such as filter
media, plastic media, or fiberglass plates
they are referred to as fixed or attached
growth bacteria.



The bacterial population density of
attached growth anaerobic treatment
systems is always many times greater
than suspended growth anaerobic
treatment systems due to the inherent
preference of virtually all bacteria to live
in an attached growth mode. As a result
of this cell immobilization, attached or
fixed growth anaerobic treatment
systems are always significantly
smaller and far more resistant to
process upsets than suspended
growth systems. In addition, initial
plant start-up is accomplished much
faster due to the quicker colonization
of acclimated bacteria.

Attached growth systems are also
known to exhibit much higher organic
loading capabilities due to the existence
of many more bacterial colonies than
suspended growth digesters. More
bacteria per unit volume translate into a
much greater capability to successfully
treat more organic wastes per unit
volume.

Understanding Two-Phase Treatment
The aerobic biological treatment process
that oxidizes ammonia nitrogen to
nitrates is called nitrification. Nitrification
proceeds in two distinct phases. In the
first phase, Nitrosomonas bacteria
oxidize ammonia nitrogen to nitrites. In
the second phase, Nitrobacter bacteria
oxidize nitrites to nitrates. Both phases
are carried out in a single compartment
or vessel. The optimum microbiological
environment as defined by pH, ORP or
oxidation/reduction potential, alkalinity,
temperature, chemical oxygen demand,
biochemical oxygen demand, etc.) at
which  maximum phase performance
occurs is identical for both such bacteria
species.

In anaerobic treatment there also exists
two distinct phases. In the first phase,

called acidogenesis, facultative acid-
forming organisms reduce complex
organic matter to organic acids. The
anaerobic mechanisms consist of:

Anaerobic Respiration consisting of
sulfate reduction and denitrification:

e Sulfates are reduced to sulfides
while nitrates are simultaneously
reduced to nitrogen gas

e Substrate is converted to minerals

e Cytochromes and enzymes are
oxidized

e Electron transport
energy for metabolism

produces

Fermentation (electron donors and
electron acceptors are organics)
e Substrate is transformed to
organic intermediates
e Carbohydrates are oxidized
e Acetogens produce organic acids
e Yeasts produce alcohols and CO,

In the second anaerobic treatment
phase, referred to as methanogenesis,
methane-forming bacteria convert the
organic acids to methane gas and
carbon dioxide (called biogas). Some of
the carbon dioxide produced is also
converted to methane gas through
biological methanation. The larger the
average acid molecule the greater the
conversion to methane gas and vice
versa.

Unlike aerobic nitrification, however,
each above referenced anaerobic
bacteria species exhibits an optimum
microbiological environment that
differs, and differs substantially, from
the other. Consequently, optimum
anaerobic performance cannot possibly
be achieved in a single-phase anaerobic
digester or reactor. Using both species of
bacteria in the same reactor vessel
automatically retards the efficiency of the
other!  This reality has been mostly



ignored or misunderstood by anaerobic
treatment researchers and anaerobic
treatment system manufacturers. As a
result, almost all of the world’s
existing anaerobic digesters are
designed as highly inefficient single-
phase reactors.

Staged Treatment

The OAT" process also uses two stages
of treatment in both anaerobic phases
thus greatly increasing overall system
performance. Since both aerobic and
anaerobic treatment processes closely
follow first order reaction kinetics, the
more the stages the greater the process
efficiency.

Nutrient Feed

Inadequate nutrients promote the growth
of Methanothrix bacteria that exhibit a
low specific activity. Adequate nutrients
promote the growth of Methanosarcina
bacteria that have a specific activity five
times greater. Since the methane gas
phase is rate limiting, any process
improvement translates into a significant
positive enhancement of the total
process. Since nutrient addition also
supports better acidogenesis, nutrients
are added to both first and second
phases.

Stage Flow Recirculation and System
Process Controls

Generous flow recirculation within each
stage of treatment further increases
process performance, as attached
growth systems must await the arrival of
food at their fixed locations before they
are able to feed. Flow recirculation
accomplishes that delivery requirement.
Lastly, precise process controls keep the
microbiological environmental conditions
at their respective optimums thus
achieving maximum and consistent
process treatment.

OAT™ Process System Start-Up

1. Fill the several reactors from any
water source.

2. Start all recirculation pumps.

3. Heat all reactors to approximately
38°C.

4. Initiate chemical feed pumps to
adjust the pH in each stage of
treatment.

5. Seed the first phase reactors with
mesophilic sludge from another
digester.

6. Add a blend of selectively adapted
bacterial cultures (provided by the
OAT" Process vendor) developed
to degrade a wide variety of
industrial wastewaters.

7. Fill the first phase digesters only
with the feedstock to be treated.

8. Slowly (2-3 days) raise system
temperature to 60°C.

9. Every two days thereafter add
sufficient feedstock to again fill the
first phase digesters.

10.In approximately 10 days gas
production will begin in the first
phase and in 15 days the second
phase as well.

11. After gas production has started in
both phases, wait five (5) days.
Feedstock addition to the OAT"
process may then be increased to
25% for 3 days, 50% for the next
3 days, and then 3 days later to
100% capacity thereafter.

Within 3 weeks the plant should
exhibit 100% treatment efficiency as
determined by BOD/COD and Volatile
Solids reductions coupled with biogas
generation.

Miscellaneous Matters

The amount of sludge generated from
the OAT" process is approximately 0.01
kg/kg of COD removed. Aerobic
treatment processes, by comparison,



generate about 0.40 kg/kg of COD
removed or 40 times as much.

The quality of sludge generated from the
OAT™ process is excellent in that the
fecal coliform count is less than 150
MPN/g. This easily qualifies the sludge
as a Class A biosolids and a soil
conditioner/amendment or a potting soil.

In single-phase digesters (this type of
digester represents 99% of all active
digesters in current use worldwide) all
gasses generated are automatically
commingled. Methane gas usually
averages 65-70%. By comparison, the
first phase OAT™ digesters generates
mostly CO, with a minor amount of
nitrogen gas whereas the second

phase digesters generate mostly CHg4
along with very little CO,. Since the first
phase gasses are automatically
segregated from the second phase, the
resulting methane purity will be 85-95%
depending on the type of wastewater
feedstock being treated.

The beneficial use of the methane gas
generated is strongly recommended as it
represents a positive return on
investment. In fact, owners of OAT™
process plants are encouraged to
maximize treatment capacity thereby
enhancing the production of methane
gas and the significant commercial value
it represents.

Using Energy From Wastes

Several types of ordinary renewable
wastes may be biologically converted
into methane gas. The gas can be used
as a primary fuel to power boilers,
furnaces, mechanical equipment, or to
heat domestic homes and businesses.
Additionally, it may also be used to
power an electric generator to generate
electricity. The wastes that qualify for
conversion into methane gas include
municipal solid wastes (MSW), human
and animal wastes, food wastes, green
wastes, high strength industrial liquid
wastes, and all other biowastes. The
process that makes this possible is
highly specialized anaerobic treatment
that generates much more gas than
ordinary conventional high rate digestion.
This specialized anaerobic treatment
process also produces Class A biosolids
that easily qualify as an organic fertilizer

for land application as a soil conditioner
or soil amendment or as a potting soil.

The energy produced is far greater than
that required to operate the plant making
energy from waste a profitable ongoing
activity. Rather than a burden on
society, many typical wastes may now be
considered an asset—an incredible
reversal of common perception.

Solid waste landfills have been
generating methane gas, also called
landfill gas or biogas, for many years. It
is no secret that landfills are filling up
faster than new ones can be built. They
invariably pollute groundwater aquifers
thus preventing their continuing use as a
source for drinking water. In an effort to
eliminate the impact on groundwater
pollution, it is now increasingly standard
practice worldwide to collect and treat
the landfill leachate prior to discharge.



And to prevent the continuing discharge
of methane gas into the atmosphere,
landfills now convert the biogas into
carbon dioxide and water vapor by
thermal combustion, a practice called
waste flaring.

Several companies saw the production
of landfil gas as a waste-to-energy
business opportunity and entered into
DBOO (design, build, own, and operate)
contracts to generate electricity for profit.
Unfortunately, the biogas invariably
disappears in 5-10 years thus making the
DBOO effort unprofitable.

Other companies have seen municipal
solid wastes (MSW) as yet another
waste-to-energy business by incinerating
the waste (after waste sorting, called
classification) and using the waste heat
to run steam turbines in the production of
electricity. This business has proved to
be mediocre at best as the classified
waste, although renewable, has a low
Btu content. Only a few companies
engage in this worthwhile activity. All
report disappointing returns on their
investment due to the highly inefficient
technology used in converting solid
wastes into energy.

Bacteria play a vital role in converting
waste to energy. The same bacteria that
produce methane at the landfill are used
in the anaerobic treatment process to
treat wastewater. But sadly, only a few
thrifty municipal treatment plants are
converting their digester gas (biogas
containing 65-70% methane) into energy
rather than flare wasting this valuable
fuel. Those that do are typically reducing
their total wastewater treatment plant
energy costs by one third to one half. As
attractive as this is it represents but the
tip of the iceberg.

Traditional anaerobic treatment
processes, frequently referred to as

conventional high rate (CHR) treatment,
are extremely inefficient at producing
methane gas.

Conventional anaerobic treatment
consists of a single vessel suspended
growth digester at about 35° C (95° F). It
is well known that the routine operation
of anaerobic digesters requires very
close attention as the continuing
adjustment of pH and alkalinity is
process demanding.

The most significant underlying reason
is that two independent biological steps,
or phases, are occurring simultaneously
within a single fermentation or digestion
vessel. In the first phase hydrolytic and
acidogenic bacteria convert dispersed
and dissolved organics into aldehydes,
alcohols, acids, and carbon dioxide
(called acetogenesis). In the second
phase, methanogenic bacteria convert
the 1st phase intermediates into mostly
methane gas (called methanogenesis).

The first phase digestion is optimized at
a pH between 3.8 and 4.5 at an ORP
(oxidation/reduction potential) between
+200 to +300mV whereas the second
phase is optimized at a pH between 7.2
and 8.2 at an ORP range between -400
to -450mV. When both such steps occur
in a single vessel at a single pH and a
common ORP an anaerobic digestion
reactor always operates at a highly
depressed level of process efficiency.
By isolating these independent biological
phases, one significantly optimizes the
process efficiency of each thus greatly
enhancing overall system performance
while greatly reducing the total size of
the anaerobic digestion equipment.

Other significant improvements available
to CHR anaerobic treatment technology
consist of:



e Ultilizing attached growth rather than
suspended growth bacteria. This
modification greatly decreases the
total reactor size because of the
inherent ability to accommodate up to
a five-fold increase in active bacteria
population when compared with
traditional suspended growth
anaerobic digesters,

e Employing thermophilic bacteria at
59°C (138.2°F) that are capable of
metabolizing organics at four times
the rate of mesophilic bacteria. This
higher temperature permits a further
reduction in the size of the digestion
equipment as well as the associated
HRT (hydraulic residence time).

e Staged treatment which increases
process efficiency,

e Flow recirculation to further increase
process efficiency by reducing the
size of the required reactor vessel,

e Process controls and instrumentation
to achieve environmental conditions
that permit the several biological
reactions to be optimized rather than
obstructed, and

e The continuous addition of essential
micronutrients to enable anaerobic
biology to reach its ultimate and
remarkable effectiveness.

Anaerobic treatment digesters which
take advantage of the several process
improvements available are fully capable
of treating ten times as much waste (on
an organic loading basis) as an
equivalent sized CHR digester vessel.

Conventional anaerobic treatment has
been commercially practiced for the last
sixty years. Process improvements have
been slow to develop and unimpressive.
Researchers and anaerobic treatment
equipment manufacturers  worldwide

have been consistently troubled by the
complexity of the biology as several
biochemical reactions are always
occurring simultaneously.

Research reports frequently cite plant
start-up problems associated with the
lowering of the pH so as to diminish
methane production. The remedy was
always to raise the pH to favor the
methanogenic or methane producing
biology. In so doing, the higher pH also
suppressed the performance of the
several acidogenic reactions. Both such
reactions work entirely without artificial
restraint when they are separated from
each other and permitted to function at
their individually preferred pH and ORP.
This method is referred to as two-phase
treatment and looks to rapidly become
the dominant process of anaerobic
treatment.

This single anaerobic treatment process
refinement is far from the penultimate
however as the several additional
improvements of flow recirculation, fixed
growth bacteria, staged treatment, and
nutrient addition described above also
play an invaluable role in achieving
levels of treatment efficiency thought
unattainable until now. Fortunately most
existing CHR plants can be upgraded to
take advantage of the several process
improvements available.

Energy from waste can indeed be
achieved using conventional CHR
technology. Any such program would
likely be as unsuccessful as the landfill
methane gas-to-energy or MSW-to-
energy incineration efforts previously
discussed. Elevating waste-to-energy
technology to a successful commercial
operation with a positive ROI (return on
investment) is, however, now possible.
This environmentally attractive business



concept also requires energy awareness
on the part of governments and civic
leaders that most renewable wastes may
be biologically processed to produce
fuel. India, for example, has created an
alternative energy initiative that promotes
the production of energy from sources
such as waste and waste products. In a
country where low energy using fax
machines are frequently turned off at
night to conserve electricity, this speaks
volumes. In China, electricity shortage is
retarding industrial growth. Since all
countries produce renewable wastes, all
can significantly benefit from the
conversion of wastes into energy. By
adopting such a program a society’s
wastes become a valuable asset rather
than a further burden on the world’s

Developing countries are always far
more concerned about potable water for
its populations than the management of
its wastes. When the impact of ignoring
waste treatment results in polluted rivers,
lakes, and aquifers, one’s attention then
becomes focused on treating society’s
wastes. These wastes are invariably in
large  supply whereas energy is
frequently in short supply. Converting
these surpluses of waste into energy
makes good environmental sense. The
generated energy creates significant
economic development.

Recognizing the true potential of
converting wastes into energy is long
overdue. It can and perhaps should be
accomplished during the next 25 years
for our children’s benefit as well as the

already polluted rivers, lakes, streams,

. earth’s extremely stressed and fragile
and aquifers.

environment.

Marketplace Applications

1. Biowaste Energy Regional Industrial Parks

WaterSmart Environmental, Inc. announces a breakthrough in the technology of
managing municipal solid waste (MSW). Rather than sending MSW to distant landfills,
municipalities may now utilize a local or regional industrial park which immediately
processes the wastes on arrival. Other than maintaining a “digester ready pile” to satisfy
continuous feedstock addition, no wastes will be stored. Ferrous and non-ferrous metals
are removed and the remaining constituents are anaerobically digested producing the
several co-products of methane gas, carbon dioxide gas, organic fertilizer, liquid fertilizer
concentrate, and reverse osmosis permeate water. The methane gas may be sold to the
industrial park businesses and/or converted into electricity. The carbon dioxide can be
purified, liquefied, and sold to local distributors. The organic fertilizer may be sold as a
soil amendment or soil conditioner. The liquid fertilizer concentrate may be sold to
fertilizer dealers. The reverse osmosis water may be used by the park businesses as
boiler water make-up, for fresh fish farming, or for aquifer or reservoir recharge where
drought conditions impact on local water resources. The removed metals are also sold.
100% of the MSW is beneficially recycled and none is sent to any landfill. Expensive
source waste separation may be continued but is not required. The recycling of glass
and plastics has become an expense rather than a profit due to the increased sorting,
handling, storage, and transportation costs along with the continuing decline in their



market value. Cities that embrace this technology can claim a zero-waste-to-landfill
community. They can also actively attract new industrial development.

The parks will be developed and the wastes will be managed by Biowaste Energy.
Since the business model is satisfied by the profits made on the co-products produced,
very attractive tipping fees may be offered to attract MSW and other area wastes. Other
eligible biowastes include municipal sludge, green wastes, food wastes, animal wastes,
industrial wastes, liquid organics, and solid organics.

2. Bicycle™ Process for Drought Control and Nutrient Capture

The southern half of Florida is now experiencing severe saltwater intrusion due to over
pumping of its massive aquifer system. Within the next 10 years extensive use of
expensive seawater desalination will have to be implemented in order to produce potable
water. The Upper Floridian aquifer isn’t far behind. Seawater intrusion is also occurring
extensively in California and other coastal cities.

The bicycle process™ can permanently eliminate both seawater intrusion and landfills at
the same time. Because there is so much value in wastes, the technology can be
provided on a no-capital cost basis to the impacted communities. After implementation
each community become a zero-waste-to-landfill society.

The State of Pennsylvania has over 100 municipalities which discharge excess nutrients
into the environmentally stressed Chesapeake Bay. The bicycIeT'VI process captures and
manages nutrients.  Pennsylvania has over $280 million available through the
Pennsylvania Infrastructure Investment Authority (PENNVEST) for loans and grants to
fund water, sewer, and stormwater infrastructure upgrades.

Drought control can also be achieved by utilizing the bicycle™ process in the same
manner that seawater intrusion and aquifer recharge are implemented. The extended
drought of 1998-2002 has exposed serious weakness in the nation’s water resources.
Extensive studies are now underway to mollify future droughts.

3. Concentrated Animal Feeding Operations

Corporate production of beef, swine, and poultry have generated problematic wastes
resulting in significant environmental damage. The same can be said about larger
dairies, especially in California. Liquid manure spreading on cropland is widespread
resulting in extensive nitrate pollution of groundwater and excessive TMDL discharges.
High nitrates have an adverse impact on animal reproduction.

The cutting edge Optimized Anaerobic Treatment (OAT") Process not only provides
highly efficient and cost-effective treatment of animal wastes, it goes a step further and
converts one co-product of that treatment, biogas, into a usable, and sustainable fuel
source. With the OAT" Process the burden of waste treatment is turned into an asset.

Additional treatment equipment is supplied to capture ammonia-nitrogen, ortho-
phosphates, and potassium nutrients as liquid fertilizer. The fully treated effluent is



recycled as potable livestock drinking water. The residual sludge qualifies as Class A
biosolids thus enabling its beneficial use as a soil conditioner or an organic fertilizer.

4. Sustainable and Renewable National Energy Independence

Only a few very well known countries currently enjoy energy independence. Every single
country throughout the world, however, has the inherent ability to achieve complete and
lasting energy independence on a renewable and therefore sustainable basis. This may
be accomplished by adopting the simple agricultural approach of growing vegetable oil
crops for the purpose of refining biodiesel fuels. The climate, size, and geographic
location of a country are nonfactors if vegetable oil farming occurs within multistory
greenhouses that utilize artificial lighting. Biodiesel fuels may be refined to produce
heating oil, jet fuel, and vehicle transportation fuels as well as lubricating oils and
greases.! Traditional fossil fuels may well become obsolete when greenhouse farming
coupled with biodiesel refining produce biofuels at a lesser marketplace price than
petroleum distillates.

Vegetable oil was used as a diesel fuel as early as 1900 when Rudolf Diesel (1858-
1913) demonstrated that a diesel engine could run on peanut oil. The name “biodiesel’
was introduced in the United States in 1992 by the National SoyDiesel Development
Board (Now the National Biodiesel Board) which has pioneered the commercialization of
biodiesel in the U.S. To his significant credit, Diesel invented the first biodiesel fuel as
well as the first compression ignition type engine which now bears his name. Diesel
engines are far more efficient than gasoline engines in that for every 100 gasoline miles a
diesel engine delivers 170 miles with the same payload.

Biodiesel is a completely natural and renewable fuel which may be substituted wherever
and whenever petroleum diesel is used. Even though diesel is part of its name, there are
no petroleum or other fossil fuels in biodiesel. Biodiesel is 100% vegetable oil based and
may be made from animal fats, recycled cooking oil, and all virgin vegetable oils. During
the past decade this renewable biofuel has been rapidly gaining worldwide popularity as
an alternative energy source because of its many performance and environmental
benefits. It is formed by removing the triglyceride molecule from vegetable oil in the form
of glycerin. Biodiesel biofuel consists of very simple long-chain hydrocarbons which
contain no sulfur, ring molecules, or aromatics associated with fossil fuels. Biodiesel is
made up of almost 10% oxygen making it a naturally “oxygenated” fuel. At this time the
marketplace price of biodiesel is about twice that of petroleum diesel. Its use is therefore
limited to the blend market which consists of a 2-20% blend of biodiesel with petrodiesel
to improve the environmental performance of the combined fuels. In order for biodiesel
to compete head-on with petroleum diesel its marketplace price must be reduced below
that of petroleum diesel.

The efficiencies of vegetable oil farming and biodiesel refining are eligible for enormous
improvements by adopting a comprehensive holistic material processing approach to
both. It is the combination of these improvements which can lead to an approximate
fivefold decrease in the production cost of biodiesel. Here’s how.
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Vegetable oil farming can be significantly improved by utilizing multistory greenhouses
and artificial lighting. The greenhouse environment enables complete control of soil
matrix, humidity, lighting, temperature, ventilation, nutrient control, soil moisture, pests,
and weeds. The result is four or more crops/year in the case of soybeans with virtually
no vegetable oil loss due to growing conditions. Pesticide use can be totally eliminated
as a practical matter. By utilizing economical multistory concrete construction, the
volume of vegetable oil may be increased as desired by adding more floors. After each
soybean harvest, significant quantities of agricultural debris remain as solid wastes. The
agricultural debris is managed as an energy crop. If the soy oil is extracted utilizing
steam, highly efficient vegetable oil extraction is achieved. Steam extraction produces a
high organic strength liquid waste stream. A 100 acre 12-story greenhouse would
support the production of about 225,000 GPY of biodiesel and the generation of about
36,000 kWh/day of excess electricity to place the technology into economic perspective.
Larger greenhouses would tend to be more productive and efficient because of the
economies of scale.

Biodiesel refining can be immediately started with the already hot vegetable oil thus
eliminating a heating step. After refining, the 20% remaining glycerin represents a waste
stream as there is already a growing worldwide glut of this byproduct. The Btu content of
the finished hot biodiesel can be captured for greenhouse heating purposes.

The Institute of Gas Technology? (now known as the Gas Technology Institute) is the
organization that first developed two-phase anaerobic digestion technology. Two-phase
anaerobic digestion produces the three co-products of methane gas, carbon dioxide gas,
and organic fertilizer. WaterSmart Environmental® further improved two-phase anaerobic
digestion by adding the two co-products of liquid fertilizer concentrate and reverse
osmosis permeate water.

Making electricity, steam, methane gas, organic fertilizer, and water is achieved by
the two-phase anaerobic digestion of:

e The agricultural debris and already hot high organic strength liquid waste
stream from vegetable oil farming and
e The already hot glycerin from biodiesel refining

The methane is used to generate electricity and to fuel the steam boiler. The waste heat
from the electricity generator is beneficially utilized to make additional steam. Before
using the steam for oil extraction it is routed through a steam turbine generator to make
additional electricity thus accomplishing highly efficient combined cycle electricity
generation. The liquid fertilizer concentrate is beneficially utilized by recycling it back to
the vegetable oil farm. If soybeans are grown as the vegetable oil crop the ammonia-
nitrogen is stripped out and sold since soybeans fix their own nitrogen requirements. The
pathogen free organic fertilizer is recycled as soil matrix. The hot exhaust gas from the
methane gas generator is routed though catalytic converters to oxidize the carbon
monoxide to carbon dioxide. The hot CO, and NOx gasses are beneficially used for

11



greenhouse heating and to enhance plant growth. While generating electricity, carbon
dioxide and water are always combustion products in the ratio of 1 mole of methane (or
its chemical equivalent) to 2 moles of water. This is the equivalent of 1 gram of methane
to 2.25 grams of water. The capture of water through dehumidification equipment makes
each biodiesel production facility water independent on a sustainable basis. Each one
megawatt of electricity generation (24 MWh/day) permits the capture of about 3,200
gallons/day of combustion produced water vapor. Some of the carbon dioxide gas can
be used as a refrigerant for cooling purposes. Each co-product from two-phase
anaerobic digestion and electricity generation is beneficially used. None is discharged to
the environment or wasted. As an approximation, the energy attributable to electricity
generation is about three times that represented by the finished biodiesel. Each biodiesel
refining facility therefore becomes a significant generator of electricity on a distributed
basis.

The same greenhouse complex may be expanded to grow a variety of vegetables and
flowers; for fresh water fish farming; and for pigs, dairy cows, beef cattle, and poultry
production. Required odor control is achieved by utilizing the odor laden air as
combustion gas intake air thus accomplishing thermal destruction of all odors. Reverse
osmosis permeate water is recycled as excellent livestock drinking water.  Biodiesel
refining site animal food processing may also be accomplished since 100% of the
associated waste products may be added to the anaerobic digestion process. Lastly,
portions of the same greenhouse may be dedicated for employee housing since all
utilities are readily available from the biodiesel refining process to achieve total climate
control. Sufficiently expanded into produce, fish, and animal production, distributed
biodiesel refining facilities may be viewed as providing food independence as well as
energy and water independence.

Prime real estate is never ever required as the biodiesel refining facilities may be
located on the high plateaus of Tibet, within the jungles of Bangladesh, and at landfills in
Europe, the United States, and elsewhere. The geographic considerations include:

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

Once the electricity, biodiesel, and food satisfy market demands within the country of
use, excess electricity, excess biodiesel, excess water, and excess food may each be
managed as quite profitable export products.

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

Marketplace success is intimately tied to:

The use of highly efficient anaerobic digestion of all liquid and solid waste streams,

The use of steam for highly efficient vegetable oil extraction,

The use of highly efficient combined cycle electricity generation,

The use of inexpensive land for distributed greenhouse siting,

The use of cost-effective greenhouse construction materials and labor,

The beneficial recycling of plant nutrients,

The beneficial recycling of carbon dioxide to enhance plant growth,

The beneficial recycling of organic fertilizer to replace soil matrix lost during

harvesting,

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

10. An unequivocal commitment to launch the technology without looking back.

NG~ LON -~

The beneficial recycling of plant nutrients, carbon dioxide, and organic fertilizer translates
into sustainability. No outside resources are required after each greenhouse becomes
fully operational. If the greenhouses are built large enough, economical pipeline
transportation of finished biodiesel, water, and liquefied carbon dioxide may be
evaluated. Each greenhouse may be considered for additional fruit and vegetable
production, concentrated animal feeding/processing, and fresh fish farming/processing as
all such activities require the same recycling of plant nutrients, organic fertilizer, carbon
dioxide, and water for routine operations. All such additional activities generate liquid
and solid wastes which can be anaerobically digested to generate more energy than that
required for product production. It's all about highly efficient waste-to-energy coupled
with comprehensive holistic material processing.

Energy independence on a sustainable basis represents a massive economic impact on
each country that utilizes the technology. Economic development can proceed without
energy limitations. The energy is clean and environmentally benign while entirely
satisfying ground, air, and ocean transportation fuels and lubricants demand as well as a
country’s electricity requirements. After full development fossil based fuels will no longer
be necessary.

Likely future development of this technology will likely consist of constructing a 100
acre two-story demonstration greenhouse to establish the validity of all pertinent features,
i.e., four crops/year, recycling of nutrients, carbon dioxide, NOx, and irrigation water.
Electricity generation and biodiesel yield/acre will also be established along with
construction costs and facility operational expenses. This size facility will also establish
the feasibility of adding additional future floors to increase production. Ten to fifty story
greenhouses of 1.5 km x 1.5 km in area are viewed as a minimum size because of the
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economies of scale. After the demonstration facility establishes technology viability,
additional development will likely be pursued rapidly by many countries.

The proposed energy independence technology is being marketed by WaterSmart
Environmental on dbo and dboo bases depending on the country of use.

' www.biodiesel.org

2 www.gri.org
3 www.watersmart.com

Acronyms:

Btu:  British thermal unit

dbo: design-build-operate
dboo: design-build-own-operate
GPY: gallons per year

kWh: kilowatt-hour

MWh: megawatt-hour

NOX: oxides of nitrogen

Project Development Steps

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

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

Converting biowastes into green energy through super-efficient
anaerobic digestion is a fantastic win-win technology for all humans
and our environment. How soon may we begin?
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Product: Dolphin™ Offshore Integrated Power Tidal Generator

Historical Background:

The very first efforts to harness tidal power focused on
river estuaries with extreme tidal ranges as sites for barrier
systems to capture the tidal flow and release water during
the ebb. Major projects include the Rance River in France
which began producing 240 MW in 1966 and Anapolis,
Nova Scotia, which began operating in 1984 producing 20
MW from the tides of the Bay of Fundy. Plans for other
river estuaries, such as the Severn Estuary in the United
Kingdom, are in the planning stage but are not economi-
cally feasible at this time. Because of extremely limited
sites with significant tidal range to warrant investing in tidal
barrage systems developers have shifted their focus and
are now looking to capture power from tidal-generated
coastal currents. Blue Energy Canada of Vancouver, Brit-
ish Columbia has designed a tidal fence using a slow-
moving vertical turbine with accessible generator compo-
nents above the sea surface thereby reducing mainte-
nance costs. Other companies are developing generators
which rely on wave motion to generate power. The tech-
nology as a whole is still in its infancy with all parties highly
enthused over the ocean potential for renewable energy.

Ocean Tide Energy:

1. Tidal stream devices extract energy from the diur-
nal flow of tidal currents caused by the gravita-
tional pull of the moon. Unlike wind and wave
power, tidal streams offer entirely predictable out-
put. However, as the lunar cycle is of around 25
hours duration, the timing of peak outputs differs
by around an hour each day and therefore tidal
energy cannot be guaranteed at times of peak
demand.

2. Typically, tidal turbines, similar in appearance to
wind turbines, are mounted on the seabed. They
are designed to exploit the higher energy density,
but lower velocity, of tidal flows compared to wind.
Tidal stream differs from established technology
for exploiting tidal energy in that tidal flows are not
captured and controlled by means of a large dam-
like structure. Rather, tidal turbines operate in the
free flow of the tides meaning that large construc-
tion costs and disruption of estuarine ecosystems
associated with barrages may be avoided. How-
ever, as tidal streams are a diffuse form of energy
the purpose of the barrage is to concentrate tidal
flow, this also means that large numbers of tur-
bines spread over relatively large areas of seabed
are required if significant amounts of energy are to
be extracted.

Ocean Wave Energy And Types:

1. Power generation using wave energy is at a much
earlier stage of development than both tidal and
wind power. In early 2003 there was but 1 MW of
generating capacity installed worldwide. This in-
dustry is characterized by a wide variety of novel
devices and a large number of small firms. De-
vices can be classified by generic technology
types although there appears to be some overlap.

2. Pneumatic devices such as the oscillating water
column use wave motion to compress and de-
compress air and thereby drive a turbine.

3. Float-based devices utilize a buoyant float moving
with the waves reacting against a sea bed anchor
in order to harness energy.

4. Spillover devices utilize wave height to replenish a
reservoir of seawater which runs a turbine.

5. Raft-type devices use the relative motion of adja-
cent rafts or pontoons to harness wave energy.

6. Moving-body devices articulate in the water induc-
ing motion which may be used to drive a hydraulic
motor.

wind Energy:

1. Is without question the fastest growing renewable
energy technology worldwide. The blades are get-
ting larger and the avoided costs of electricity gen-
eration are decreasing.

2. Upwards of 50% of marketplace project financing
can now be obtained through the sale of renew-
able energy credits occasioned by compliance
with Kyoto Protocols.

Tidal Energy:

Tides are caused by the gravitational attraction of the
moon and the sun acting upon the oceans of the rotating
earth. The relative motions of these bodies cause the sur-
face of the oceans to be raised and lowered periodically,
according to a number of interacting cycles. These in-
clude:

1. A half day cycle, due to the rotation of the earth
within the gravitational field of the moon.



2. A 14 day cycle, resulting from the gravitational
field of the moon combining with that of the sun to
give alternating spring (maximum) and neap
(minimum) tides.

3. A half year cycle, due to the inclination of the
moon's orbit to that of the earth, giving rise to
maxima in the spring tides in March and Septem-
ber.

4. Other cycles, such as those over 19 years and 1
600 years, arising from further complex gravita-
tional interactions.

The range of a spring tide is commonly about twice that of
a neap tide, whereas the longer period cycles impose
smaller perturbations. In the open ocean, the maximum
amplitude of the tides is about one meter. Tidal ampli-
tudes are increased substantially towards the coast, par-
ticularly in estuaries. This is mainly caused by shelving of
the sea bed and funneling of the water by estuaries. In
some cases the tidal range can be further amplified by re-
flection of the tidal wave by the coastline or resonance.
This is a special effect that occurs in long, trumpet-shaped
estuaries, when the length of the estuary is close to 1/4™ of

the tidal wave length. These effects combine to give a
mean spring tidal range of over 11 m in the Severn Estu-
ary (UK). As a result of these various factors, the tidal
range can vary substantially between different points on a
coastline.

The amount of energy obtainable from a tidal energy
scheme therefore varies with location and time. Output
changes as the tide ebbs and floods each day; it can also
vary by a factor of about four over a spring-neap cycle.
Tidal energy is, however, highly predictable in both amount
and timing.

The available energy is approximately proportional to the
square of the tidal range. Extraction of energy from the
tides is considered to be practical only at those sites where
the energy is concentrated in the form of large tides and
the geography provides suitable sites for tidal plant con-
struction. Such sites are not commonplace but a consid-
erable number have been identified in the UK, France,
eastern Canada, the Pacific coast of Russia, Korea, China,
Mexico and Chile. Other sites have been identified along
the Patagonian coast of Argentina, Western Australia and
western India.

Prospective Sites For Tidal Energy Projects

Country Location Mean Basin Installed Ca- | Approximate Annual | Annual Plant Load
Tidal Area pacity (MW) Output (TWh/year) Factor (%)
Range (m) | (km?)
Argentina San José 5.8 778 5,040 9.4 21
Golfo Nuevo 3.7 2,376 6,570 16.8 29
Rio Deseado 3.6 73 180 0.45 28
Santa Cruz 7.5 222 2,420 6.1 29
Rio Gallegos 7.5 177 1,900 4.8 29
Australia Secure Bay 7.0 140 1,480 2.9 22
Walcott Inlet 7.0 260 2,800 5.4 22
Canada Cobequid 12.4 240 5,338 14.0 30
Cumberland 10.9 90 1,400 3.4 28
Shepody 10.0 115 1,800 4.8 30
India Gulf of Kutch 5.0 170 900 1.6 22
Gulf of Kham- 7.0 1,970 7,000 15.0 24
bat
Korea Garolim 4.7 100 400 0.836 24
(Rep.)
Cheonsu 4.5 1.2
Mexico Rio Colorado 6-7 5.4




UK Severn 7.0 520 8,640 17.0 23
Mersey 6.5 61 700 1.4 23
Duddon 5.6 20 100 0.212 22
Wyre 6.0 5.8 64 0.131 24
Conwy 5.2 55 33 0.060 21
USA Pasama- 5.5
guoddy
Knik Arm 7.5 2,900 7.4 29
Turnagain Arm 7.5 6,500 16.6 29
Russian Mezen 6.7 2640 15,000 45 34
Federation
Tugur * 6.8 1080 7,800 16.2 24
Penzhinsk 114 20530 87,400 190 25

* 7,000 MW variant also studied

Tidal energy can also be exploited directly from marine
currents induced by the combined lunar and solar gravita-
tional forces responsible for tides. These forces cause
semi-diurnal movement in water in shallow seas, particu-
larly where coastal morphology creates natural constric-
tions, for example around headlands or between islands.
This phenomenon produces strong currents, or tidal
streams, which are prevalent around the British Isles and
many other parts of the world where there are similar con-
ditions. These currents are particularly prevalent where
there is a time difference in tidal cycles between two sec-
tions of coastal sea. The flow is cyclical, increasing in ve-
locity and then decreasing before switching to the opposite
direction. The kinetic energy within these currents could be
converted to electricity, by placing free standing turbo-
generating equipment in offshore areas.

Technical Concepts For Exploiting Tidal Energy:

Most countries which have investigated the potential ex-
ploitation of tidal energy have concentrated on the use of
barrages to create artificial impoundments that can be
used to control the natural tidal flow. Barrage developers
in the UK and elsewhere concluded that building a perme-
able barrage across an estuary minimizes the cost of civil
structures for the quantity of energy that can be realisti-
cally extracted. Construction of barrages across estuaries
with high tidal ranges would be challenging but technically
feasible. In shallow water armored embankment would be
used, but in deeper water this method would be impractical
and too expensive because of the quantity of material re-
quired. Complete closure of estuaries would be achieved
by emplacing a series of prefabricated sections, or cais-
sons, made from concrete or steel which could be floated
and then sunk into position. The technique has been used
in the Netherlands to close the Schelde Estuary. A large

steel caisson was used in the construction of the Vadalia
power station on a tributary of the Mississippi.

Tidal barrages would comprise sluice gates and turbine
generators. Large scale structures like the Severn Bar-
rages would also include blank caissons and ship-locks.
During the ebb tide water is allowed to flow through the
sluices and the turbine draft tubes to ensure the maximum
possible passage of water into the impounded basin. At or
close to high water the sluice gates are closed. At this
stage of the cycle the turbines can be used in reverse as
pumps to increase the amount of water within the basin.
Although there is an obvious energy demand, the amount
of water transferred can provide an additional increase in
energy output of up to 10% compared with a cycle where
no pumping is used. The actual increase in energy output
from pumping depends on the estuary and the tidal condi-
tions. Retention of water allows a head of water (i.e. dif-
ference in vertical height of water levels) to be created as
the flood tide progresses seaward of the barrage. Once a
sufficient head has been created, water is allowed to flow
back through the turbines to generate electricity. In this
respect a tidal energy barrage is no different to a low-head
hydro-electric dam. The large volumes of water and the
variation in head require the use of double regulation, or
Kaplan turbines. These turbines have guide vanes and
blades that can be moved by hydraulic motors. This al-
lows turbine operation, and therefore energy conversion
efficiency, to be optimized through each generation cycle
as the reservoir head drops.

Experience from the UK'’s tidal energy program revealed
that ebb generation (i.e. only on the ebb tide) maximizes
the amount of energy that can be produced from this type
of barrage system. Two-way generation (on both the flood
and ebb tides) is technically possible, however less energy




would be produced because the head of water created
prior to generation is lower compared with an ebb genera-
tion cycle. Moreover, Kaplan turbines in a horizontal con-
figuration are optimised for generation with flow in one di-
rection.

As with all other civil engineering and power generation
projects, diligent technical appraisal is essential to mitigate
against both technical and commercial risk. Barrage de-
sign requires a detailed geotechnical site investigation to
determine the foundation conditions. The nature of the
substrate and the dimensions of an estuary ultimately de-
termined the design options for barrages. Once an optimal
design has been identified, it needs to be developed in
detalil to establish the construction schedule and the costs
at each stage of the project to determine both economic
and financial viability. A detailed knowledge of the hydrau-
lic flow pattern before and after the barrage has been con-
structed is of equal importance and for the same reason.
Hydraulic flow has to be accurately modeled, using com-
plex mathematical models that can accurately simulate
natural flow conditions, so that the effects of progressive
closure and environmental changes can be predicted. Hy-
draulic modeling is also used to determine the energy out-
put from the system during each tidal cycle.

Other concepts based on secondary artificial storage sys-
tems have been investigated, and continue to be pro-
moted. The concept enables storage within two or more
basins which can increase the control of the water move-
ment and allows the turbines to operate for longer than in
single basin schemes. Secondary reservoirs were pro-
posed for the Severn scheme but were discounted be-
cause of the cost of the energy produced. The rise in cost
is the direct consequence of the substantial additional civil
structures required.

Technical Status And Experience From Operating Sys-
tems:

Tide mills were commonplace along the coasts of western
Europe from the Middle Ages, until the Industrial Revolu-
tion supplanted renewable forms of energy with fossil fuel
alternatives. Interest in tidal energy was stimulated by the
construction of the French barrage across the Rance estu-
ary in Brittany during the 1960’s. A dam was built in-situ
between two coffer dams. Consequently the entrapped
estuarial waters stagnated, although the ecosystem recov-
ered once the barrage began operation. Most of the struc-
ture, which has an installed capacity of 240 MW, is com-
prised of Kaplan turbines with only a small bank of sluices.
The barrage has a ship rock adjacent to the control centre
and carries a trunk road. Originally designed for two-way
generation, the operators, EDF, predominantly generate
on ebb tides. Despite over thirty years of successful op-
eration, EDF have no plans to build other barrage
schemes.

Shortly after the completion of the Rance barrage, the
Russians built a small experimental system with an

installed capacity of 400 kW. The scheme was con-
structed at Kislogubsk near Murmansk, partly to demon-
strate the use of caissons in barrage construction.

The potential for tidal energy at the head of the Bay of
Fundy, which extends between the Canadian maritime
provinces of Nova Scotia and New Brunswick, has long
been recognised. In 1984 a 20 MW plant was commis-
sioned at Annapolis, across a small inlet on the Bay of
Fundy's east coast. The barrage was built to demonstrate
a large diameter rim-generator (Straflo) turbine. Despite
the large tidal energy potential, Canada has relied upon
the development of its substantial conventional hydro-
power reserves.

The UK has invested approximately £20 million in tidal en-
ergy R&D. Most of this effort was concentrated on co-
funded feasibility and development studies (between the
mid-1980’s and 1992) with industrial consortia. Two main
sites were evaluated: one on the Severn (mean spring tidal
range 12 m); and the other on the Mersey Estuary (mean
spring tidal range 8 m). Despite detailed technical ap-
praisals, coupled with evaluations of the effects to shipping
and the environment, neither project progressed beyond
an early development stage. The work revealed that tidal
energy was less economic compared with other forms of
renewable energy. The UK Program also investigated four
smaller-scale projects (ranging in size from 5-100 MW).
None of these schemes progressed further than initial fea-
sibility.

Of more recent interest is Western Australia’s tidal energy
potential that has been actively promoted near the town of
Derby, (situated at the head of two adjacent inlets off the
King Sound). The inlets would be connected via an artifi-
cial channel. By damming each inlet, differences in water
levels in each basin could be controlled which would en-
able flow via the connecting channel. Power take-off
would be achieved from a bank of turbines housed in a
structure built in this channel. The Derby tidal power pro-
ject had been assessed by a consortium led by KPMG.
The project’s promoters submitted this scheme to an inde-
pendent ministerial advisory committee. The committee
compared the scheme with an alternative gas-fired power
plant and decided in July 2000 not to proceed with the
Derby tidal project. The committee compared the two bids
on financial and technical grounds as well as community
benefits and environmental impacts.

Interest in multiple basins has been reactivated in the last
three or four years by an American company, Tidal Elec-
tric. They are promoting the concept in a number of re-
gions with high tidal ranges including Alaska, Chile and the
UK. Water would be moved between three diked reser-
voirs built on intertidal mud flats thereby enabling continu-
ous generation. None of these schemes has so far pro-
gressed to construction.

Economic Considerations:



Tidal energy projects based on barrages are capital-
intensive with relatively high unit costs per installed kilo-
watt (>£1 500/kW). The long construction period for the
larger schemes and low load factors would result in high
unit costs of energy, especially given the demands of pri-
vate-sector investors. The economic performance of tidal
energy barrages reflects the influence of site-specific con-
ditions and the necessity for ship locks where access for
navigation is required. As barrage construction is based
upon conventional technology and site-specific conditions,
it is unlikely that significant cost reductions could be
achieved. Predicted unit costs of generation are therefore
unlikely to change and currently remain uncompetitive with
conventional fossil-fuel alternatives.

Some non-energy benefits would stem from the develop-
ment of tidal energy schemes. However, they would yield
a relatively minor monetary value in proportion to the total
scheme cost. These benefits are difficult to quantify accu-
rately and may not necessarily accrue to the barrage de-
veloper. Employment opportunities would be substantial
at the height of construction, with the creation of some per-
manent long-term employment from associated regional
economic development.

Economic prospects for alternative forms of tidal energy
remain uncertain, largely because there is little published
data on the costs or performance of either marine current
generators or diked reservoir schemes. Until further in-
formation is made available it is not possible to make a
rational judgment on their prospects. However, without
detailed technical information (for investors) and rigorous
appraisal of environmental effects no form of tidal energy
is likely to be developed. Experience of other forms of re-
newable energy has highlighted the necessity for credible
environmental assessment to ensure endorsement from
regulatory authorities and potential objectors.

Environmental Considerations:

Tidal energy barrages would modify existing estuarine
ecosystems to varying degrees. Firstly some pre-barrage
intertidal areas would become permanently inundated and
although the intertidal zonation would change it would still
be present and capable of supporting an estuarine ecosys-
tem. The post-barrage upstream intertidal range would be
approximately halved but the effect would progressively
diminish upstream of the barrage. Changes to the hydrau-
lic regime will invariably change patterns of sedimentation,
eventually leading to a shift in sediment (particle size) dis-
tribution. There would be some sediment accumulation
upstream of the barrage. The amount will depend on the
position of the barrage. In estuaries like the Severn, with
high sediment loads, this is an important consideration.
For this reason the proposed downstream alignment offers
an advantage because it would be less vulnerable to
sediment accumulation.

Reduced post-barrage current strengths would lead to a
fall in turbidity, higher light penetration and a concomitant
increase in phytoplankton productivity. Site-specific work

in the Severn Estuary suggests that this effect would be
less marked in comparison to other estuaries. Saltmarsh
zonation, a feature caused by periodic inundation by saline
or brackish water, would change. A model specifically de-
veloped for Spartina distribution in UK estuaries indicates
that the plant's post-barrage distribution could be predicted
with a high degree of confidence.

Estuaries are of key importance to migratory species of
fish, many of which are the foundation for commercial fish-
eries. Barrages could act as barriers to migration and
damage fish. There is no clear indication from studies on
existing hydroelectric stations of the numbers of fish which
might be affected. The changes to fish populations are
uncertain: levels may fall by 30-50% before the effects of a
barrage become evident. Generic R&D has focused on the
suitability of acoustic deterrence methods, which will re-
quire further refinement.

Much of the site-specific and generic R&D in the UK has
concentrated on ornithological studies of migratory birds
which use British estuaries in large numbers. Studies
have confirmed that bird populations fluctuate between
years and within a single winter. Their distribution is also
highly uneven, which is partly due to the highly variable
distribution of invertebrates. Post-barrage survival rates
will depend on the extent of suitable intertidal areas and
climatic conditions.

Construction of diked reservoirs built on intertidal areas
would have different environmental effects compared to
conventional barrages. Attention to site-specific condi-
tions, notably hydraulic flows, sediment erosion, transport
and accumulation would need to be thoroughly understood
to prevent souring or adverse accumulation within the ba-
sins. If these schemes resulted in permanent inundation
of intertidal feeding areas, migratory bird populations
would be displaced, although the impact would depend on
their original importance.

Country Notes:
Argentina:

e The southern coast between Tierra del Fuego and
Golfo San Matias has mean tidal ranges of up to
7.5 m. An assessment of the country’s tidal energy
potential identified five sites with an estimated po-
tential of 37 TWh per annum. However, develop-
ment of tidal energy resources is dependent on
the further expansion of hydroelectric resources
and the construction of a transmission system that
could connect tidal power plants with a suitable
distribution network.

e An investigation has been carried out in the San
José Gulf, which has a basin area of 780 km? and
is connected to the sea by a 7 km long strait. A
barrage at this location would be approximately
13.4 km long, have an installed capacity of 5 040
MW and could produce an estimated 9.4 TWh per



annum.

Australia:

Tidal energy potential is particularly prevalent
along the north-western coast of Australia, where
tidal ranges are amongst the largest in the world.
This coastline has numerous inlets and bays that
offer promising sites for barrages, such as Walcott
Inlet, Secure Bay, St George’s Basin and the lar-
ger King Sound. The development of tidal energy
is disadvantaged, however, by the small range of
neap tides, which is too low for power generation,
and the impracticality of absorbing large amounts
of intermittent power in a remote region without in-
stalling costly transmission links.

In the late 1990’s Tidal Energy Australia, a West-
ern Australian company, proposed a combination
double basin/double flow design for Doctor’s
Creek, on King Sound near the Kimberley town of
Derby. The advantage of their scheme was that it
could provide around-the-clock power. One basin
retains a high water level and the other a low level.
A channel cut between the two holds the turbines
used for power generation. At high tide, water is
let into the high basin, and at low tide, is let out of
the low basin. The plant, with a capacity of 48
MW, would have been the second largest tidal
power station in the world and the only one provid-
ing continuous power output. This capacity would
fully supply the needs of the region (for both resi-
dential purposes and exploitation of the Kimber-
ley’s abundant mineral resources), the supply be-
ing supplemented with diesel generating capacity
as necessary. The population of Derby showed
great support for the tidal plant but the government
of Western Australia favored a fossil fuel option for
generating power. After much debate, the tidal
plant was rejected. However, Tidal Energy has
reported that it is working towards securing other
customers and in particular, is working on the de-
velopment of a similar (but expanded) plant for a
mineral processing company, also in Western
Australia.

Canada:

Embayments at the head of the Bay of Fundy be-
tween the maritime provinces of New Brunswick
and Nova Scotia have some of the largest tidal
ranges in the world. The most promising pros-
pects for tidal power have centred on two sites in
this region: the Cumberland and Minas Basins.
However, the only commissioned tidal power plant
is located at Annapolis Royal, further down the
Bay of Fundy. The 20 MW plant came into opera-
tion in 1984: the barrage was primarily built to
demonstrate a large-diameter rim-generator tur-
bine. Annapolis uses the largest Straflo turbine in
the world to produce more than 30 million kWh per
year.

In view of the large tidal energy resource at the
two basins, estimated to be 17 TWh per year, dif-
ferent options for energy storage and integration
with the river hydro system have been explored.
At present this prospect appears unlikely.

China:

The south-eastern coastal areas of Zhejiang, Fu-
jlan and Guangdong Provinces are considered to
have substantial potential for tidal energy. China’s
utilization of tidal energy with modern technologies
began in 1956: several small-scale tidal plants
were built for pumping irrigation water. Thereafter
tidal energy began to be used for power genera-
tion. Starting in 1958, forty small tidal power
plants stations (total capacity 12 kW) were built for
the purpose of generating electricity. These were
supplemented around 1970 by much larger sta-
tions, of which the 3 MW Jiangxia and the 960 kW
Baishakou schemes were the largest. The major-
ity of the early plants have been decommissioned
for a variety of reasons, including design faults,
being found to be incorrectly located, etc. Cur-
rently there are seven tidal power stations (plus
one tide flood station) with a total capacity of 11
MW.

Since the end of the 1970’s emphasis was placed
on optimizing the operations of existing plants to
improve their performance. Additionally, a feasibil-
ity study for a 10 MW level intermediate experi-
mental tidal power station has been undertaken.

France:

Relatively few tidal power plants have been con-
structed in the modern era. Of these, the first and
largest is the 240 MW barrage on the Rance estu-
ary in northern Brittany. The 0.8 km-long dam
also serves as a highway bridge linking St. Malo
and Dinard. The barrage was built as a full-scale
demonstration scheme between 1961 and 1966
and has now completed 34 years of successful
commercial operation. Annual generation is some
640 million KWh.

Originally the barrage was designed to generate
on both flood and ebb tides; however, this mode of
operation proved to be only partially successful.
The barrage is now operated almost exclusively
on ebb tides, although two-way generation is peri-
odically instigated at high spring tides.

In 1988 the plant became fully automated, requir-
ing the integration of complex operational cycles
imposed by variable heads, and the necessity for
continuous regulation of the turbines to optimize
energy conversion. A 10-year program for refur-
bishing its 24 turbines was begun in 1996, on the
plant's 30" anniversary.



Despite its successful operation, no further tidal
energy plants are planned for France, which is
now dominated by generation from nuclear sta-
tions.

India:

The main potential sites for tidal power generation
are the Gulf of Kutch and the Gulf of Khambat
(Cambay), both in the western state of Gujarat,
and the Gangetic delta in the Sunderbans area of
West Bengal, in eastern India.

The tidal ranges of the Gulf of Kutch and the Gulf
of Khambat are 5 m and 7 m respectively, the
theoretical capacities 900 MW and 7 000 MW re-
spectively and the estimated annual output ap-
proximately 1.6 TWh and 15.0 TWh respectively.

A committee has been formed to estimate the pre-
sent cost of the Gulf of Kutch project by inviting
tariff-based bids and to gather the responses of
the various agencies interested in the project. The
Ministry of Non-Conventional Energy Sources
(MNES) has reported that the "Request for Qualifi-
cation" and "Request for Proposal" being prepared
will enable the feasibility of establishing such a
project through private sector participation to be
tested.

Following a feasibility study for a 3 MW tidal power
plant at Durgaduani in the Sunderbans area, a de-
tailed project report is now being drawn up. If the
project proceeds, the West Bengal Renewable
Energy Development Agency, with MNES assis-
tance, will take it up.

Korea (Republic):

The west coast has mean tidal ranges of up to 6m.
Two prospective sites have been considered: Ga-
rolim Bay, which has been studied in detail, and
the Gulf of Asam. The Korean Ocean Research
and Development Institute (KORDI), assisted by a
consortium of British companies, reviewed the
schemes in the mid-1980’s but no projects re-
sulted.

Mexico:

Two areas in the Gulf of California have been ex-
amined, one near Isla Montague at the mouth of
the Rio Colorado, the other at the island of
Tiburoén further down the Gulf. They each have a
tidal range of 6-7 m. The potential annual output
of one site in the Colorado estuary has been as-
sessed as 5.4 TwWh.

Russian Federation:

Design studies for tidal power development have-
been conducted in Russia since the 1930’s. As

part of this work, a small pilot plant with a capacity

of 400 kW was constructed at Kislogubsk near
Murmansk and commissioned in 1968. The suc-
cess of this installation led to a number of design
studies for much larger tidal plants at sites in the
north and east of the country: Lumbov (67 MW)
and Mezen Bay (15 000 MW) in the White Sea,
Penzhinsk Bay (87 400 MW) and Tugur Bay (6
800 MW) in the Sea of Okhotsk. Eventually the
Tugur station emerged as the only feasible major
scheme. Preliminary design work began in 1972
but the timescale for further development work
remains uncertain.

United Kingdom:

The large tidal range along the west coasts of
England and Wales provides some of the most fa-
vorable conditions in the world for the utilization of
tidal power. If all reasonably exploitable estuaries
were utilized, annual generation of electricity from
tidal power plants would be some 50 TWh, equiva-
lent to about 15% of current UK electricity con-
sumption.

Of six identified sites with mean tidal ranges of
5.2-7.0 m, feasibility studies have been completed
for two large schemes: Severn estuary (8,640
MW) and Mersey estuary (700 MW) and for
smaller schemes on the estuaries of the Duddon
(100 MW), Wyre (64 MW), Conwy (33) and Loug-
hor (5 MW). A governmental program on tidal en-
ergy (1978-1994) concluded that given the combi-
nation of high capital costs, lengthy construction
periods and relatively low load factor (21-24%),
none of these schemes is regarded as financially
attractive in present circumstances. A future UK
tidal energy program could include construction of
a small-scale scheme primarily to demonstrate the
technology and its environmental effects, before
progressing to very large schemes on the scale of
the Severn.

Dolphin™ Offshore Integrated Power Tidal Generator:

1.

Relies upon five distinct but entirely supporting sci-
entific phenomena in order to optimize the produc-
tion of electricity relative to both construction costs
and long term reliability when installed in a coastal
water location.

Current technology permits cost effective deploy-
ment of tidal generators in locations which exhibit
a tidal range in excess of 6.5 m. The Dolphin™
Tidal Generator should be effective in locations
which exhibit a tidal range in excess of only 1 m
thereby increasing its potential use by a factor of
several thousand.

The five independent scientific electricity genera-
tion forces consist of:



Tidal flow and ebb currents,
Tidal flotation energy,
Wave energy,

Solar energy, and

Wind energy.

coo o

The use of five independent and additive electricity gener-
ating forces may increase each offshore wind generation
station from about 10 MW to perhaps as much as 500 MW
depending on station size, tidal range, wind velocity, cloud
cover, wave amplitude, and tidal current conditions. Of
these conditions, tidal range is the most important respect-
ing total power generation.

Product Description:

The Dolphin™ Offshore Integrated Power Tidal Generator:
consists of a large hollow concrete cylinder which is de-
signed to barely float while slowly rotating at an elevation
which always nearly matches the tidal surface water eleva-
tion. The cylinder fits on a non-rotating gear shaft which is
encased within highly efficient helical type gear housing.
The periphery of the cylinder is fitted with a driver gear to
rotate a many MW alternator shaft. Wave hinged restraint
flaps are attached to the top surfaces of the cylinder to
enable capture and beneficial use of waves, when avail-
able, thereby increasing rotational force. Solar panels are
attached to both sides of the hinged wave restraint flaps to
increase electricity generation. Wind sales are also at-
tached to the wave hinged restraint flaps to increase cylin-
der RPM. Tidal restraint flaps are attached to the bottom
surface of the cylinder to enable capture and beneficial
use of tidal flow and ebb currents. These several em-
bodiments are shown on attached WSE Engineering
Drawing No. S-0313. Please note that the substantial cyl-
inder shaft and its anchor can be used without modification

From the Engineering Department of

WaterSmart

Environmental, Inc.

to support several large (>1 MW) wind turbines. About
50% of the construction costs of an offshore wind turbine
are attributable to its support foundation.

Explanation Of Terms:

Semi-Diurnal Tide: A tidal pattern in which there are two
high tides and two low tides in a day.

Tidal Range: The difference in height between a high tide
and the succeeding or preceding low tide.

High Tide: The maximum height reached in a rising tide.
Low Tide: The minimum height reached in a falling tide.

Spring Tides: Semi-diurnal tides of large range occur
when the moon is new or full.

Neap Tides: Tides of small range occur when the moon is
at its first or last quarter.

Harmonic Method: The representation of tidal variations
as a sum of harmonics (known as constituents) each of
different frequency, amplitude and phase.

Co-Ordinated Universal Time (UTC): The internationally
adopted basis for official time. For all practical purposes, it
can be taken to be the same as Greenwich Mean Time.

Chart Datum: The level to which soundings or tide heights
are referenced.

The engineers, chemists, dedicated scientists, and senior
management at WaterSmart Environmental welcome
your inquiries with enthusiasm.

© 2003 WaterSmart Environmental, Inc.
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