THE RECOVERED ENERGY SYSTEM™

INTRODUCTION

The dream of every municipality is to recycle al of its waste into usable products, thereby
completing the cycle of nature. Science teaches us that matter and energy are not destroyed—
they merely change state. Waste contains significant amounts of valuable resources that were
once used to produce products. Those products have lived their useful lives and have become
waste, but they still contain the same matter and energy that went into their making. The
Recovered Energy System™ recovers this matter and energy to produce other valuable products,
and thereby productively manages the cycle of nature.

Recovered Energy believes that the matter and energy contained in waste is economically
recoverable into valuable products. They view waste as a valuable resource and asset. They
have designed a program using proven technologies combined in an advanced, safe and
environmentally friendly process to dispose of waste materials, recover al the matter and energy
in waste, and convert it into valuable products.

PROCESSES ANY TYPE OF WASTE
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We live in a society where consumers want the latest advancements in technology and comfort.
One of the unfortunate side effects of a modern society is waste. It seems that the more
advanced we become the more waste we generate per capita. We are being buried in mountains
of waste. At the same time society is becoming more aware and concerned about the
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environment. Therein lies the paradox—we want all the goods and products that modern
technology can provide but we don’t want the inevitable waste that results.

The Recovered Energy System™ can handle any type of waste in a solid, liquid, or gas state.
All of the types of waste shown above can be fed either individually or mixed in any
combination. The rate of input of the various wastes is controlled to keep the flow of output
syngas constant. No special processing or sorting of the waste is necessary. Liquids can be
injected directly into the head of the plasmatorch.

DEFINITION OF PLASMA GASIFICATION AND COMPARISON

Plasma gasification is the gasification of matter in an oxygen-starved environment to decompose
waste material into its basic molecular structure. Plasma gasification does not combust the waste
asincinerators do. It converts the organic waste into afuel gas that still contains all the chemical
and heat energy from the waste. It converts the inorganic waste into an inert vitrified glass.

Plasmais considered a 4" state. El ectricity is fed to atorch, which has two electrodes, creating
an arc. Inert gas is passed through the arc, heating the process gas to interna temperatures as
high as 25,000 degrees Fahrenheit. The following diagram illustrates how the plasma torch
operates.

The temperature a few feet from the torch can be as high as 5,000-8000° F. Because of these
high temperatures the waste is completely destroyed and broken down into its basic elemental
components. There are no tars or furans. At these high temperatures all metals become molten
and flow out the bottom of the reactor. Inorganics such as silica, soil, concrete, glass, gravel,
etc. are vitrified into glass and flow out the bottom of the reactor. There is no ash remaining to
go back to alandfill.

The plasma reactor does not discriminate between types of waste. It can process any type of
waste. The only variable is the amount of energy that it takes to destroy the waste.
Consequently, no sorting of waste is necessary and any type of waste, other than nuclear waste,
can be processed.

The reactors are large and operate at a slightly negative pressure, meaning that the feed system is
simplified because the gas does not want to escape. The gas has to be pulled from the reactor by
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the suction of the compressor. Each reactor can process 20 tons per hour (tph) compared to 3 tph
for typical gasifiers. Because of the size and the negative pressure, the feed system can handle
bundles of material up to 1 meter in size. This means that whole drums or bags of waste can be
fed directly into the reactor making the system ideal for large scale production.

The gas composition coming out of a plasma gasifier is lower in trace contaminants than with
any kind of incinerator or other gasifier. Because the process starts with lower emissions out of
the reactor it is able to achieve significantly lower stack emissions. The gasifier doesn’t care
about the amount of moisture in the waste. The moisture consumes energy to vaporize and can
impact the capacity and economics, however, it will not affect the process.

ENVIRONMENTAL IMPACT
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The table above shows the United States EPA Discharge standards under AP 42 5th Edition Vol.
1, Chapter 2 (Solid Waste Disposal), Section 2.1 (Refuse Combustion) dated June 2002
compared with the emissions for the Recovered Energy System™. The typical emissions for
waste can vary dramatically from one type of waste to another, therefore these figures could
change from plant to plant.

The syngas from the plasma gasifier is significantly lower than incinerators or other gasifiers
because of the reaction temperature and the Westinghouse design. The Turbosonic APC system
will achieve a 99% reduction of a much smaller starting number. The result is a very clean
process with air emissions significantly lower than EPA standards.
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PROCESS FLOW DESCRIPTION

MATERIAL HANDLING

The incoming waste is weighed in and then deposited on the tipping floor from any of the trucks
currently in use that pick-up and or transfer MSW. No tedious sorting or handling is needed.
The only separation that is required will be large oversized pieces or items that need special pre-
processing, such as refrigerators, freezers and AC units that need the freon removed. Hazardous
waste and medical waste are handled separately and not co-mingled with normal waste.

The system is designed to process waste as quickly as possible. During delivery hours the waste
is delivered faster than it can be gasified. Part of the waste is stored for processing at night and
on weekends and holidays. Any oversized material is shredded and then conveyed to storage.

The waste is completely cycled every 3-4 days. Should unscheduled shutdowns occur, the waste
received from the municipality goes into the storage area which is designed to handle normal
surges and continue accepting the waste. The waste is conveyed directly to the plasma reactor
feed system. A hydraulic ram pushes the waste into the gasifier.

THERMAL TRANSFORMATION

The waste is injected into the upper part of thermal transformer (also referred to as the plasma
gasifier or reactor) and piles up in the body of the reactor. The plasma torches located at the
bottom of the reactor generate a flame that is between 5000-8000° F.

The organic material does not burn because there is not enough oxygen. The organic matter is
transformed to a gas composed primarily of carbon monoxide (CO), hydrogen (H2) and nitrogen
(N). This gas contains substantial energy and can be used in avariety of ways.
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The hot gas rises up through the waste piled in the reactor and begins the gasification process on
the materia piled in the reactor. By the time the waste has reached the bottom of the reactor, the
high temperature, oxygen starved environment has totally transformed all organic compounds
into agas.

The gas that exits from the top of the reactor and is made up of primarily carbon monoxide,
hydrogen, water and nitrogen. Small amounts of chlorine, hydrogen sulfide, particulate, carbon
dioxide and metals with boiling points less than 2280° F are contained in the gas. Because of the
low oxygen atmosphere and high temperature, the base elements of the gas cannot form toxic
compounds such as furans, dioxins, Nox, or sulfur dioxide in the reactor.

As the gas exits the reactor it first goes to a proprietary gas reformer and then it is cooled in a
series of high temperature heat exchangers. The sensible heat is reduced to about 270° F and is
used to generate high-pressure steam that is fed to a steam turbine to produce e ectricity.

The high temperatures from the plasma torches liquefy all inorganic materials such as metals,
soil, glass, silica, etc. All matter, other than the metals, becomes vitrified or molten glass. The
metal and glass flow out of the bottom of the reactor at approximately 3000° F. As the metal
and glass flow from the reactor they are quenched in awater bath. The glass forms obsidian like
glass fragments. The metals are then separated from the glass.

There is no waste left at the end of the thermal transformation. All of the waste is recycled into
metal, glass or has been converted to fuel gas.

GAS CLEANUP

After the fuel gas has left the heat exchanger, approximately 85% of the particulates are
removed in acyclone. A smaller percentage of the metals are also removed with the particul ate.
The recovered particulate and metals are then injected into the molten glass. The components
of the glass are locked into the glass matrix and cannot leach out. The vitrified glass material
passes EPA |eachability tests.

The gas then goes through a scrubber where the hydrochloric acid (HCL) is scrubbed out to form
dilute HCL water. The liquid goes through a series of membranes where the particulates and
metal in the liquid are removed. The metals and particulate at this stage cannot go back into the
glass and can either be sold to a metal refiner or removed to a landfill. This small amount of
materia is the only potential material that goes back to a landfill and represents less than a
fraction of 1 percent of the waste feedstock. The clean HCL water is concentrated to 15-20% for
commercial sale.

In the gas cleanup stage the temperature of the gas is further lowered and al the sensible heat is
removed and used in the power generation process. The water in the gas condenses and is used
to provide clean makeup water for the rest of the plant.

The gas then goes to the gas turbine (discussed in more detail later). The hydrogen sulfide (H,S)
in the gas is converted into sulfur dioxide (SO,). The discharge from the gas turbine goes
through another wet scrubber where the SO, is converted to sodium bisulfite.
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STEAM AND POWER GENERATION

Steam from the primary heat exchanger goes to a steam turbine where it is converted to
electricity. The electricity generated with this steam source provides most of the power needed
for internal power requirements. The system is capable of generating al its own internd
requirements.

The fuel gas goes into a gas/steam combined cycle turbine where it is used to produce e ectricity.
All the available heat in the process is used to make electricity or steam. The discharge
temperature off the gas turbine is less than 270°F. Any low-pressure steam (small amount) not
used in the processis either condensed or can be used to produce distilled water in a multi-effect
distillation unit.

A facility designed with electricity production can export approximately one megawatt of
electricity for each ton of MSW, depending on the moisture content of the MSW.

COMPLETE CONVERSION OF WASTE

99% of all the waste that goes into the gasifier comes out either as glass, metal or fuel gas. The
remaining 1% includes the particulates, chlorine, sulfur and metals in the gas. The chlorine is
scrubbed out and recovered either as dilute hydrochloric acid (HCL). The HCL is concentrated
to 15-20% and sold commercialy. The sulfur is scrubbed out and converted into sodium
bisulfite. The particulates are partially (85%) removed by a cyclone. Anything removed by the
cyclone can be put back into the glass. What is not removed by the cyclone is removed ether by
the chlorine scrubber or the electrostatic precipitator. The particulates and metals removed by
the scrubber and electrostatic precipitator cannot be put back into the process. This material is
high in higher value metals and can be sold to a metal refiner.

99% of the waste is converted to usable products as aresult of the gasifier. Theremaining 1% is
converted into usable products through the pollution control system.

PROVEN TECHNOLOGIES

The gasifier system, including engineering and design, supply of the plasma torches, power
supply, reactor, gasifier control system, startup and training, will be provided by Westinghouse
Plasma Corporation. Westinghouse has over 25 years of experience in plasma gasification.
They have supplied gasifiersto a variety of industries, including MSW and other waste products
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The air pollution control (APC) equipment will be supplied primarily by Turbosonic, Inc.,
including design and engineering, supply of the wet scrubber, sulfur removal system,
electrostatic precipitator and APC instruments and controls, startup and training. Turbosonic isa
leader in the design, engineering and supply of APC systems, with over 300 installations.

The gas and steam turbines, compressors, generators, transformers and other power generation

equipment will be supplied by either General Electric or Alstom, industry leaders in power
generation equipment.
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Other equipment will be supplied by well known suppliers with proven track records.
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CLEAN, AESTHETICALLY PLEASING AND ENVIRONMENTALLY FRIENDLY
OPERATION

The Recovered Energy System™ plant does not ook like awaste dump. The tipping floor is

inside a building so none of the wasteisvisible. Theair for the process is pulled through the
tipping floor area so that the tipping floor maintains a negative pressure. In this way no odors
are allowed to escape the building and all vapors are being processed by the system.

The entire process is enclosed inside a building to reduce noise and to keep the working area
clean and tidy. The plant layout allows for the handling of alarge number of trucks coming

and going carrying waste, raw materials and finished productsin an efficient manner. At the
same time expansion is easily accommodated.

The plant rendering shown below gives atypical layout of a plant.
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